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Description 

[0001] This invention relates to a liquid developing method and a liquid developing apparatus that use a liquid 
developing agent to make visible images from electrostatic latent images formed by electrophotography, electrostatic 

s recording, ionography, or other methods. 

[0002] Many examples of the apparatus in related art are embodiments of the Carlson dry contact method in which 
a powder developing agent is used as the developing agent that develops visible images from electromagnetic latent 
images. The apparatus transfers and fixes the toner used to make visible images from the electrostatic latent images, 
formed by electrophotographic or other methods, to the paper or other recording medium. This method is used because 

w of advantages such as the high energy amplification factor and high processing speeds. Disadvantages of this method 
include the amount of toner dispersion caused by use of a powder developing agent, and the poor resolution caused by 
the large size of the toner particles (7 to 1 0 urn). In addition, the powder does not flow easily and is difficult to stir, which 
makes it difficult to obtain uniform images over a wide range. 

[0003] Accordingly, there is a need for wet developing when higher resolutions and improved tonal reproduction are 
15 required. The size of the toner particles used in wet developing is 0. 1 to 0.5 jim, which is about a tenth of the size of the 
particles in dry developing agents. In addition, the toner has a high charge amount and toner image inaccuracies do not 
easily occur. 

[0004] However, the liquid developing agent usually used in the wet style of electrostatic recording apparatus has 
low viscosity. These low-viscosity liquid developing agents consist of IsoparG (IsoparG is a registered trademark of the 

20 Exxon Corporation), an organic solvent, in which toner is mixed at a proportion of about 1 to 2%. Since the proportion 
of toner is small, the above style of apparatus in related art requires large quantities of the liquid developing agent, 
which makes reductions in the size of the apparatus difficult. In addition, the Isopar (registered trademark) used as the 
dielectric liquid (carrier liquid) is highly volatile and releases an unpleasant odour. Therefore, use of the apparatus of 
related art adversely affects the work environment and has negative environmental effects. 

25 [0005] Hence, it is desirable to develop a developing method that uses a non-toxic and odourless carrier, such that 
the apparatus does not need to be tightly sealed, and that uses a more highly concentrated liquid developing agent. 
However, many aspects of the technology concerning use of a highly concentrated liquid developing agent with electro- 
static latent image development methods were heretofore unknown. For example, development of techniques to 
improve the selectivity between image parts and non-image parts for toner adhesion during the development process 

30 and to improve performance during the separation process was required. 

[0006] In the wet methods of developing electrostatic latent images in related art, the electrostatic latent images 
formed on the image bearing member are made into visible images by toner, which consists of charged developing par- 
ticles. In these methods, use of the same distribution medium as the medium used to distribute the liquid developing 
agent to apply a pre-wet liquid on the image bearing member before the actual developing process begins is a well 

35 known means of preventing the adhesion of toner to the non-image parts of the image bearing member and thereby 
preventing toner inaccuracies. Various methods can be used to apply the pre-wet liquid. For example, the same method 
as that used to supply liquid developing agent to the latent image surface of the image bearing member, in which the 
developing agent bearing member is a sponge roller, may be considered. Alternately, a roller with depressions and pro- 
tuberances may be used as the member that supplies the pre-wet liquid. This roller is brought into contact with the 

40 image bearing member in order to apply the pre-wet liquid (Japanese Unexamined Patent Publication No. 60-147751 
of 1985). Or, a blade provided with a slit from which pre-wet liquid flows may be used. In this method of applying the 
pre-wet liquid, the blade is positioned near to but not touching the image bearing member such that the pre-wet liquid 
forms a liquid bank between the image bearing member and the blade (Japanese Unexamined Patent Publication No. 
4-1687 of 1992). 

45 [0007] However, in order to achieve an extremely thin and uniform film of pre-wet liquid, the roller and image bear- 
ing member touch in the method disclosed in Japanese Unexamined Patent Publication No. 60-147751 of 1985. This 
damages the image bearing member and lowers developing performance. In the method disclosed in Japanese Unex- 
amined Patent Publication No. 4-1687 of 1992, it is difficult to maintain a fixed distance between the blade and the 
image bearing member. Therefore, the pre-wet liquid cannot be applied at a uniform thickness and, consequently, it is 

so impossible to adequately prevent toner adhesion to the non-image parts on the image bearing member. 

[0008] The above types of pre-wet application methods in related art can be used when the liquid developing agent 
has low viscosity and consists of the organic solvent IsoparG (registered trademark) in which toner is mixed at propor- 
tions from 1 to 2%. However, the types of methods that satisfactorily prevent toner from adhering to the non-image parts 
on the image bearing member when a liquid developing agent such as the one implemented in this invention is used , 

55 that is, when the liquid developing agent has the toner dispersed in the dielectric liquid at higher concentrations and has 
a higher viscosity of between 100 and 10,000 mPa.s, were heretofore unknown. Since the adhesion of this type of 
highly viscous liquid developing agent to the surface of the image bearing member is greater, development of an appro- 
priate method for preventing toner adhesion was required. 
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[0009] In related art, a charged transfer member that carries an electric charge of opposite polarity to the toner is 
brought up against the image bearing member through the medium of the recording medium in order to transfer the 
toner image, which has been formed on the surface of the latent image on the image bearing member, to the recording 
medium. 

5 [0010] When liquid developing agents are used, the image that is transferred to the recording medium can spread 
if the pressure of the recording medium against the image bearing member is too high. The measures heretofore taken 
to deal with this problem relate to the liquid developing agents usually used in the wet style of electrostatic recording 
apparatus and other apparatus in related art, that is, to liquid developing agents that have low viscosity and that consist 
of the organic solvent IsoparG (registered trademark) in which toner is mixed at proportions from 1 to 2%. However, 

io when highly concentrated liquid developing agents with high viscosity are used, the types of methods that satisfactorily 
transfer the toner image formed on the surface of the latent image on the image bearing member to the recording 
medium without the image spreading were heretofore unknown. 

[001 1 ] US-A-4 504 1 38 uses a conventional toner and electrodeposition onto the developer roller, from which roller 
a highly viscous toner is transferred to the electrostatic latent image on the image bearing member. 

15 [0012] This invention is a response to the above mentioned circumstances and is intended to provide a liquid devel- 
oping method and liquid developing apparatus that will reduce pollution, improve the work environment, and enable 
easy development of electrostatic latent images at high resolutions in apparatus of reduced size. 
[0013] Another aim of this invention is to provide a liquid developing method and liquid developing apparatus for 
developing electrostatic latent images such that pre-wet liquid can be applied at a uniform thickness to the image bear- 

20 ing member without causing damage to the image bearing member and such that, as a result, toner can be prevented 
from adhering to the non-image parts on the image bearing member. 

[0014] A further aim of this invention is to provide a liquid developing method and liquid developing apparatus for 
developing electrostatic latent images such that, when a highly viscous liquid developing agent in which toner is dis- 
persed at high concentrations is used and the liquid developing agent layer formed on the developing agent bearing 

25 member touches the pre-wet liquid layer formed on the image bearing member during the developing process, the pre- 
wet liquid layer and the liquid developing agent layer form a two-layer structure in order to prevent the occurrence of 
inaccuracies in the liquid developing agent layer and to allow full utilization of the function of the pre-wet layer such that, 
as a result, the adhesion of toner to the non-image parts of the image bearing member and the occurrence of inaccu- 
racies in the image can be prevented. 

30 [0015] Yet another aim of this invention is to provide a liquid developing method and liquid developing apparatus 
that can prevent toner image inaccuracies occurring when the toner image formed on the latent image surface of the 
image bearing member touches the recording medium and that can, as a result, transfer the toner image to the record- 
ing medium without the image spreading. 

[0016] The inventors found that use of an extremely thin film of highly concentrated developing agent during devel- 
35 oping enables toner to adhere selectively to the image part of an electrostatic latent image on an image bearing mem- 
ber without the toner adhering to the non-image part. 

[0017] Accordingly, the present invention provides a method of developing an electrostatic latent image formed on 
the surface of an image bearing member, including the step of bringing a liquid developing agent into contact with the 
electrostatic latent image on the surface of an image bearing member; characterised by, 

40 

forming a film of pre-wet liquid on the surface of the image bearing member, 

forming a 5 to 40 ujti film of the liquid developing agent on the surface of a development agent bearing member, 
and 

bringing the developing agent bearing member adjacent to the image bearing member to bring the liquid develop- 
45 ing agent into contact with the electrostatic latent image, wherein the liquid developing agent has a viscosity of 100 
to 10,000 mPa.s. 

[0018] In addition, the inventors et al. found that clean images are not produced when the release properties of the 
image bearing member are inadequate, but that practical and effective release properties can be obtained by applica- 

so tion of an extremely thin layer of pre-wet liquid to the image bearing member. Accordingly, provision of a pre-wet proc- 
ess that forms a film of pre-wet liquid on the surface of the image bearing member, wherein the pre-wet liquid has good 
release properties, is chemically inert, and is dielectric, is desirable for the liquid developing method of this invention. 
[0019] Further, during the developing process, it is desirable that the image bearing member on which the pre-wet 
liquid film is formed and the developing agent bearing member on which the liquid developing agent film is formed be 

55 disposed such that they are separated by a gap that is larger than the thickness of the liquid developing agent film and 
smaller than the sum of the thicknesses of the pre-wet film and the liquid developing agent film. As a result, the pre-wet 
liquid film and the liquid developing agent film are made to touch and the toner makes a visible image from the electro- 
static latent image formed on the surface of the image bearing member. 
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[0020] In the liquid developing method of this invention, the thickness of the pre-wet liquid film may be 30 urn or 
less, and the gap between the surface of the developing agent bearing member and the surface of the image bearing 
member may be from 5 to 60 urn 

[0021] The dielectric liquid may be a liquid wherein the viscosity is from 0.5 to 1 ,000 mPa.s, the electric resistance 

is 10 12 H cm or more, the surface tension is 21 dyn/cm or less, and the boiling point is 100°C or more. 

[0022] The liquid developing method of this invention functions extremely well when the dielectric liquid is silicon oil 

and contains toner that has an average particle diameter of from 0.1 to 5.0 u.m at concentrations from 5 to 40%. 

[0023] In addition, a pre-wet liquid wherein the viscosity is from 0.5 to 5.0 mPa.s, the electric resistance is 10 12 Q. 

cm or more, the surface tension is 21 dyn/cm or less, and the boiling point is 1 00 to 250°C is desirable. 

[0024] Silicon oil is the preferred pre-wet liquid. 

[0025] It is desirable that at least one of the image bearing member or the developing agent bearing member be 
flexible and that the tension of the flexible bearing member be adjusted to maintain the appropriate gap from the surface 
of the image bearing member. 

[0026] In addition, it is desirable that the pre-wet liquid supply element be formed from a liquid-permeable and liq- 
uid-retentive elastic element and be impregnated by the above pre-wet liquid such that, when brought into contact with 
the image bearing member during the pre-wet process, a film of pre-wet liquid of the above thickness is formed on the 
surface of the image bearing member. The preferred elastic material is a continuously porous sponge that has a three- 
dimensional mesh structure in which the pores are three-dimensionally continuous. 

[0027] The pre-wet liquid supply element may be formed as a cylindrical shape and rotated in accord with the direc- 
tion of the movement of the image bearing member in order to form a film of pre-wet liquid on the surface of the image 
bearing member. Alternatively, a pre-wet liquid supply element that is formed in a plate shape wherein the pre-wet liquid 
flows from one edge to the other and the side is brought into contact with the image bearing member to apply the pre- 
wet liquid to the surface of the image bearing member is extremely favourable. Or, the pre-wet liquid supply element 
may be formed in a plate shape wherein the pre-wet liquid is absorbed from one edge and the other edge is brought 
into contact with the image bearing member to apply the pre-wet liquid. 

[0028] In addition, it is desirable that a recording medium be disposed on the transfer member, that a transfer proc- 
ess be provided wherein the toner image that makes the electrostatic latent image visible is transferred to the recording 
medium, that either the transfer member or the image bearing member be flexible, and that the tension of the flexible 
bearing member be adjusted to maintain the appropriate contact pressure between the surfaces of the transfer member 
and the image bearing member. 

[0029] In order to achieve the above aims, the liquid developing apparatus of this invention, wherein electrically 
charged toner is applied to the surface of the developing agent bearing member to develop the electrostatic latent 
images formed on the surface of the image bearing member, has the following features: an image bearing member that 
moves in one direction and that has a surface on which electrostatic latent images can be formed; a developing agent 
bearing member that moves in accord with the image bearing member and that has a surface that can carry liquid 
developing agent; provision of a developing agent supply mechanism that forms a 5 to 40 urn film of liquid developing 
agent on the surface of the developing agent bearing member, wherein the liquid developing agent is formed from toner 
dispersed in a dielectric liquid and has a viscosity of 100 to 10,000 mPa.s; and the supply of liquid developing agent to 
the surface of the electrostatic latent image by means of bringing the developing agent bearing member adjacent to the 
image bearing member during developing. 

[0030] Provision of a pre-wet apparatus that forms a film of pre-wet liquid on the surface of the image bearing mem- 
ber, wherein the pre-wet liquid has good release properties, is chemically inert, and is dielectric, is desirable for the liq- 
uid developing apparatus of this invention. 

[0031] In addition, it is desirable that at least one of the image bearing member or the developing agent bearing 
member be formed from a flexible material. 

[0032] Further, it is desirable that the gap disposed between the surface of the image bearing member and the 
developing agent bearing member be larger than the thickness of the liquid developing agent film and smaller than the 
sum of the thicknesses of the pre-wet liquid film and the liquid developing agent film. 

[0033] When the image bearing member is a drum with a surface formed of photosensitive material, the developing 
agent bearing member may be comprised of a flexible continuous belt that carries liquid developing agent on the out- 
side surface. The tension of the belt of the developing agent bearing member can be adjusted to maintain the appropri- 
ate gap between the belt surface and the image bearing member. 

[0034] The belt of the development agent bearing member may be a seamless nickel belt. 

[0035] A conductive belt is desirable for the developing agent bearing member. The belt may take the form of a 
seamless resin belt to which minute conductive particles are added or a seamless polyimide film belt to which a con- 
ductive process has been applied. 

[0036] The preferred pre-wet liquid supply element in the pre-wet mechanism is a liquid-permeable and liquid- 
retentive elastic material in the form of a continuously porous sponge that has a three-dimensional mesh structure in 
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which the pores are three-dimensionally continuous. 

[0037] The pre-wet liquid supply element may be formed as a cylindrical shape that abuts the above image bearing 
member and rotates in accord with the direction of rotation of the image bearing member. Alternatively, a pre-wet liquid 
supply element that is formed in a plate shape wherein the pre-wet liquid flows from one edge to the other and the side 
is brought into contact with the image bearing member to apply the pre-wet liquid to the surface of the image bearing 
member is extremely favourable. 

[0038] Alternatively, the pre-wet liquid supply element may be formed in a plate shape wherein the pre-wet liquid is 
absorbed from one edge and the other edge is brought into contact with the image bearing member to apply the pre- 
wet liquid. 

[0039] Note that a developing agent bearing member that has a conductive surface is desirable. 
[0040] When the image bearing member is a flexible wheel-shaped photosensitive belt on the outside surface of 
which electrostatic latent images can be formed, a roller can be used to rotate the developing agent bearing member in 
accord with the direction of rotation of the image bearing member and the tension of the belt of the image bearing mem- 
ber can be adjusted to maintain an appropriate gap. 

[0041] When the image bearing member is a drum and the developing agent bearing member is a cylindrical roller, 
a suitable clearance gap maintenance element can be interposed between the surfaces of both bearing members to 
maintain a fixed gap between the surfaces such that the pre-wet liquid film touches the developing agent film. This 
allows the toner to make a visible image from the electrostatic latent image that has been formed on the surface of the 
image bearing member. 

[0042] The clearance gap maintenance element may have a protuberance of the specified height and be disposed 
on the periphery of both ends of either the image bearing member or the developing agent bearing member. 
[0043] The preferred height of the protuberances is from 5 to 40 um. 

[0044] Alternatively, the clearance gap maintenance element may be an element shaped as a long narrow strip 
comprised of Mylar or polyimide or may be a coating of tetrafluoroethylene compound shaped as a long narrow strip 
[0045] A desirable additional provision for the liquid developing apparatus is a transfer mechanism that transfers the 
toner jmage formed on the image bearing member to a recording medium disposed on the transfer member and that 
the tension of the flexible transfer member or flexible image bearing member be adjusted such that the image is trans- 
ferred under the appropriate contact pressure. 

[0046] The electrostatic latent image liquid developing method in this invention forms an extremely thin layer of liq- 
uid developing agent on the surface of the developing agent bearing member and abuts this to the electrostatic latent 
image on the surface of the image bearing member. This enables the liquid developing agent used for developing to be 
used at much higher concentrations than the low-concentration liquid developing agents of related art In addition 
organic solvents with unpleasant odours, such as Isopar (registered trademark), need not be used as the dielectric liq- 
uid (carrier liquid) that distributes the toner, and the volume of developing agent required is greatly reduced. As a result 
copies with high resolution and good tonal reproduction can be obtained from reduced-size apparatus in an agreeable 
working environment from a liquid developing method. 

[0047] In addition, an extremely thin layer of pre-wet liquid is formed on the surface of the image bearing member 
This improves the release properties, even if the release properties of the liquid developing agent are not good due to 
the nature of the surface material on the image bearing member, and enables effective liquid developing 
[0048] The electrostatic latent image liquid developing method of this invention regulates the size of the minute 
clearance gap formed between the image bearing member and the developing agent bearing member such that the 
gap is larger than the thickness of the layer of liquid developing agent that is formed on the developing agent bearing 
member and smaller than the sum of the thicknesses of the layer of liquid developing agent that is formed on the devel 
oping agent bearing member and the layer of pre-wet liquid that is formed on the image bearing member. This allows 
the contact pressure to be distributed when the developing agent layer formed on the developing agent bearing member 
is touched to the pre-wet liquid layer formed on the image bearing member. As a result, during the developing process 
the two-layer structure of the developing agent layer and the pre-wet liquid layer can be maintained when the two layers' 
touch and, when the developing process ends, the two liquids separate at a point within the pre-wet liquid layer This 
prevents the occurrence of inaccuracies in the developing agent layer and, therefore, prevents adhesion of toner to the 
non-image parts on the image bearing member and the occurrence of inaccuracies in the image. If the minute clear- 
ance gap between the image bearing member and the developing agent bearing member is smaller than the thickness 
of the liquid developing agent layer formed on the developing agent bearing member, the two-layer structure cannot be 
maintained, inaccuracies occur in the liquid developing agent layer, and satisfactory images cannot be obtained If con- 
versely, the gap is larger than the sum of the thicknesses of the layer of liquid developing agent that is formed on the 
developing agent bearing member and the layer of pre-wet liquid that is formed on the image bearing member, the liquid 
developing agent layer and the pre-wet liquid layer do not touch and, consequently, the developing agent can no longer 
be supplied to the surface of the latent image on the image bearing member. 

[0049] If the thickness of the pre-wet liquid layer is 30 ujti or less and if the gap between the surface of the devel- 
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oping agent bearing member and the image bearing member surface is from 5 to 60 uin, the occurrence of inaccuracies 
in the developing agent layer is prevented and clear copies with very little spurious toner can be obtained, even when 
the material used for the photosensitive member has inadequate release properties in relation to the developing agent. 
Note that the manufacture of the developing agent becomes problematic due to the difficulty of stirring the dielectric liq- 

5 uid and the toner if the viscosity of the liquid developing agent is 1 0,000 mPa.s or higher. Thus, liquid developing agents 
with viscosities of 10,000 mPa.s or higher are not cost effective or practical. If, on the other hand, the viscosity is 100 
mPa.s or lower, the concentration of the toner is low and the toner does not disperse well. As a result, developing is no 
longer possible with a thin layer of developing liquid. The thickness of the liquid developing agent layer can be thin when 
the toner concentration is high but must be thick when the toner concentration is low. In addition, the higher the viscos- 

10 ity, the thinner the layer must be. However, if the layer is thicker than 40 ujti, excessive toner adheres, and if the layer is 
thinner than 5 urn, irregularities occur when solid black images are output. The optimum thickness of the pre-wet layer 
depends on the viscosity and surface tension of the selected pre-wet liquid. If this layer is thicker than 30 urn, the elec- 
tric charge of the latent image flows, the toner spreads during development, and the image fades. 
[0050] Use of a liquid developing agent that has the toner dispersed at high concentrations allows the volume of 

15 liquid required to be greatly reduced in comparison with the low-concentration liquid developing agents used in related 
art. 

[0051] A highly viscous liquid developing agent for use with the liquid developing method of this invention can be 
obtained by using a dielectric liquid wherein the viscosity is from 0.5 to 1 ,000 mPa.s, the electric resistance is 1 0 1 2 CI 
cm or more, the surface tension is 21 dyn/cm or less, and the boiling point is 100°C or more. Since the layer of liquid 

20 developing agent formed on the surface of the developing agent bearing member is thin, the liquid developing agent can 
contain only an extremely small amount of dielectric liquid. This means that the amount of dielectric liquid contained in 
the liquid developing agent that is supplied to the surface of the latent image on the image bearing member is also 
extremely small. Since only very small amounts of dielectric liquid are absorbed by the paper or other medium during 
the transfer process, the problems that can be caused by the adherence of the dielectric liquid to the paper or other 

25 medium when the viscosity is 1 ,000 mPa.s or less do not arise. However, the liquid becomes more highly volatile if the 
viscosity is reduced to 0.5 mPa.s or less. Therefore, legal restrictions related to dangerous substances apply, making 
the liquid unsuitable at these viscosities. If the boiling point of the dielectric liquid is reduced to 100°C or less, higher 
quantities of vapour occur. This causes problems related to storage methods for the developing agent, necessitates a 
tightly sealed structure for the apparatus as a whole, and makes it difficult to improve the work environment. If the elec- 

30 trie resistance is reduced to 1 0 12 CI cm or less, the dielectric property deteriorates. This causes toner conductivity prob- 
lems which prevent use of the liquid as a developing agent. Therefore, it is desirable that the electric resistance value 
be as high as possible. If the surface tension is increased to 21 dyn/cm or higher, the wettability deteriorates and the 
intimacy of the contact with the pre-wet liquid deteriorates. Accordingly, it is desirable that the surface tension value be 
as low as possible. 

35 [0052] A dielectric liquid with the above characteristics and low toxicity can be obtained if silicon oil is used as the 
main component. 

[0053] A liquid developing agent in which the toner is dispersed at a high concentration in the dielectric liquid can 
be obtained by using toner with an average particle diameter of 0.1 to 5 jim at concentrations of 5 to 40%. In addition, 
the resolution improves in roughly inverse proportion to the size of the toner particle diameter. Normally, the toner on 
40 the printed paper exists as aggregates of 5 to 1 0 grades. Thus, resolution deteriorates if the average particle diameter 
of the toner is increased to 5 urn or higher. If the average particle diameter of the toner is reduced to 0. 1 u.m or less, the 
physical adhesive strength increases and toner release during transfer becomes difficult. 

[0054] A superior pre-wet liquid, with good release properties and good dielectric properties, has a viscosity from 
0.5 to 5.0 mPa.s, an electric resistance of 1 0 12 CI cm or more, a surface tension of 21 dyn/cm or less, and a boiling point 

45 of 100 to 250°C. The pre-wet liquid is absorbed by the paper or other recording medium during transfer and, therefore, 
must be vaporised during fixing. A pre-wet liquid with a viscosity from 0.5 to 5 mPa.s is desirable due to the ease of 
vaporisation. If the viscosity is increased to 5 mPa.s or higher, vaporisation becomes more difficult. If the viscosity is 
reduced to 0.5 mPa.s or lower, the liquid becomes more highly volatile, such that legal restrictions related to dangerous 
substances apply, making the liquid unsuitable at these viscosities. If the boiling point is reduced to 1 00°C or less, 

so higher quantities of vapour occur. This causes problems related to storage methods for the pre-wet liquid, necessitates 
a tightly sealed structure for the apparatus as a whole, and makes it difficult to improve the work environment. If the boil- 
ing point is increased to 250°C or higher, the paper curls during fixing and, therefore, the pre-wet liquid cannot be used. 
In addition, large amounts of energy are required for heating, which increases costs. If the electric resistance is reduced 
to 10 1 2 CI cm or less, the dielectric property deteriorates and the liquid cannot be used as a pre-wet liquid. Therefore, it 

55 is desirable that the electric resistance value be as high as possible. If the surface tension is increased to 21 dyn/cm or 
higher, the wettability deteriorates and the intimacy of the contact with the liquid developing agent deteriorates. Accord- 
ingly, it is desirable that the surface tension value be as low as possible. 

[0055] A safe pre-wet liquid with the above characteristics can be obtained by using silicon oil as the main compo- 
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nent. 

[0056] When a pre -wet liquid supply element comprised of a liquid-permeable and liquid- retentive elastic material 
is used to apply the pre-wet liquid, fresh liquid can be supplied continuously as the pre-wet liquid is consumed. Or, when 
excessive pre-wet liquid has been applied to the surface of the image bearing member, the excess pre-wet liquid can 
5 be absorbed while the pre-wet liquid supply element is in the separated position from the image bearing member such 
that a layer of liquid of the appropriate thickness remains. Moreover, the pre-wet liquid supply element does not damage 
the surface of the image bearing member. 

[0057] The above performance is exhibited particularly when the liquid is applied by a pre-wet liquid supply element 
that uses a sponge type of continuously porous material. 

10 [0058] When a pre-wet liquid supply element comprising an elastic material formed as a rotating cylinder is used, 
fresh pre-wet liquid with a comparatively low viscosity is drawn up from the pre-wet liquid container and, when the cyl- 
inder abuts the image bearing member, the elastic deformation releases the absorbed pre-wet liquid onto the surface 
of the image bearing member. When the pre-wet liquid supply member is in the separated position from the image bear- 
ing member, excess pre-wet liquid is absorbed such that a layer of liquid of the appropriate thickness remains. 

15 [0059] Alternatively, if a pre-wet liquid supply element comprising a sponge type of continuously porous material 
formed in a plate shape is used, the pre-wet liquid supply element can be separated from the image bearing member 
whenever pre-wet liquid does not need to be supplied. The pre-wet liquid supply element can be brought into contact 
with the image bearing member to supply the pre-wet liquid whenever pre-wet liquid application becomes necessary. 
[0060] If either the transfer member or the image bearing member is flexible, the tension of the flexible bearing 

20 member can be regulated to easily maintain the appropriate contact pressure between the surfaces of the image bear- 
ing member and the transfer member. 

[0061] Use of the electrostatic latent image liquid developing apparatus of this invention enables a liquid developing 
agent of extremely high concentration to be used for developing, in contrast with the liquid developing agent of low con- 
centration in related art. This is because the developing agent supply mechanism forms an extremely thin film of liquid 

25 developing agent on the surface of the developing agent bearing member to supply the liquid developing agent to the 
electrostatic latent image on the surface of the image bearing member This enables copies with high resolution and 
good tonal reproduction to be obtained from safe liquid developing apparatus of greatly reduced size. 
[0062] In another liquid developing apparatus of this invention, a film of pre-wet liquid is formed on the image bear- 
ing member before the developing process is performed, and the size of the gap between the image bearing member 

30 and the developing agent bearing member is an appropriate value that is greater than the thickness of the developing 
agent film and smaller than the sum of the thicknesses of the developing agent film and the pre-wet film. As a result, 
during the developing process, the liquid developing agent film is always brought adjacent to the electrostatic latent 
image through the medium of the pre-wet liquid. This makes the use of a highly concentrated liquid developing agent 
possible for high-quality liquid developing even when the release properties of the image bearing member surface are 

35 not suitable. 

[0063] When the image bearing member is a photosensitive drum and the developing agent bearing member is a 
flexible belt, the gap between the image bearing member and the developing agent bearing member can be easily set 
to the appropriate value by means of the belt tension and the reaction force with the developing agent and the pre-wet 
liquid. 

40 [0064] Toner can be caused to adhere selectively to the electrostatic latent image by means of the developing agent 
bearing member being conductive and voltage being applied to the developing agent bearing member. 
[0065] A seamless conductive belt can be obtained easily by use of nickel, allowing flawless clean copies across 
the entire area of the image to be obtained. Alternatively, a conductive seamless belt can be formed easily by using 
resin to which conductive minute particles are added or by using a polyimide film that has been treated by a conductive 

45 process on the surface of a resin belt. 

[0066] The liquid-permeable and liquid-retentive elastic material that is used by the pre-wet liquid supply element 
to apply the pre-wet liquid can supply fresh liquid continuously as the pre-wet liquid is consumed. Or, when excessive 
pre-wet liquid has been applied to the surface of the image bearing member, the excess pre-wet liquid can be absorbed 
while the pre-wet liquid supply element is in the separated position from the image bearing member such that a film of 

so liquid of the appropriate thickness remains. Moreover, the elastic material does not damage the surface of the image 
bearing member. 

[0067] The above performance Is exhibited particularly when a sponge type of continuously porous material is used 
as the pre-wet liquid supply element. 

[0068] When the pre-wet liquid supply element is an elastic material formed as a rotating cylinder, fresh pre-wet liq- 
55 uid with a comparatively low viscosity is drawn up from the pre-wet liquid container and, when the cylinder abuts the 
image bearing member and the shape of the cylinder changes, the absorbed pre-wet liquid released onto the surface 
of the image bearing member. When the cylinder is in the separated position from the image bearing member, excess 
pre-wet liquid is absorbed such that a film of liquid of the appropriate thickness remains. 
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[0069] Alternatively, if the pre-wet liquid supply element uses a sponge type of continuously porous material formed 
in a plate shape, the pre-wet liquid supply element can easily supply pre-wet liquid to the surface of the image bearing 
member whenever necessary. 

[0070] When the image bearing member is a photosensitive drum and the developing agent bearing member is a 
5 cylindrical roller, an appropriate clearance gap maintenance element is interposed between the two surfaces to main- 
tain a fixed gap when the pre-wet liquid film and the liquid developing agent film are brought into contact. Thus, the two- 
layer structure is maintained and good toner images can be obtained. 

[0071] When the clearance gap maintenance element has a protuberance of a fixed height, a uniform two-layer 
structure can be obtained easily. 
w [0072] Alternatively, a long narrow strip comprised of Mylar or polyimide or a coating of tetrafluoroethylene com- 
pound shaped as a long narrow strip can be used to provide a clearance gap maintenance element that simply and eco- 
nomically fulfils the intended function. 

[0073] Furthermore, if either the transfer member or the image bearing member is flexible, the tension of the flexible 
member can be adjusted to easily provide the appropriate contact pressure for image transfer. 

15 

Brief Description of the Drawings 
[0074] 

20 Figure 1 is an overview of the structure of the electrostatic latent image liquid developing apparatus in the first 
embodiment of this invention. 

Figure 2 is an oblique view outlining pre-wet apparatus that can be used by the electrostatic latent image liquid 
developing apparatus shown in Figure 1 . 

25 

Figure 3 shows the flow of the pre-wet liquid when the pre-wet liquid supply element is brought into contact with the 
photosensitive member. 

Figure 4 shows the pre-wet apparatus shown in Figure 2 when it is in the separated position from the photosensitive 
30 member. 

Figure 5 shows the pre-wet apparatus shown in Figure 2 when it is in contact with the photosensitive member. 

Figure 6 is an overview of developing agent supply apparatus that can be used by the electrostatic latent image liq- 
35 uid developing apparatus shown in Figure 1 . 

Figure 7 is an overview of a developing belt that can be used by the developing agent supply apparatus shown in 
Figure 6. 

40 Figure 8 shows the surface pattern on a modified example of the drive roller that can be used by the developing 
agent supply apparatus shown in Figure 6. 

Figure 9 is an overview of the structure of image formation apparatus that can be used by the liquid developing 
apparatus in this invention. 

45 

Figure 10 explains the operation of the electrostatic latent image liquid developing apparatus shown in Figure 1 . 
Figure 1 1 explains the developing process. 
so Figure 12 shows details of the contact process during the developing process. 

Figure 13 shows details of the toner migration process during the developing process. 

Figure 14 shows the separation process at the non-image parts during the developing process. 

55 

Figure 15 shows the separation process at the image parts during the developing process. 
Figure 16 explains the significance of providing a thin layer of liquid developing agent. 
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Figure 17 shows hard contact between a developing roller and a photosensitive member. 

Figure 1 8 explains the soft contact achieved by the developing roller in the liquid developing apparatus of this inven- 
tion. 

5 

Figure 19 explains the soft contact achieved by the developing belt in the liquid developing apparatus of this inven- 
tion. 

Figures 20A and 20B show examples of modifications to the pre-wet apparatus that can be used by the liquid devel- 
w oping apparatus of this invention. 

Figure 21 shows another example of modified pre-wet apparatus that can be used by the liquid developing appa- 
ratus shown in Figure 1. 

15 Figure 22 is a cross-section of a pre-wet liquid supply element that can be used by the pre-wet apparatus shown in 
Figure 21. 

Figure 23 shows another example of modified pre-wet apparatus that can be used by the liquid developing appa- 
ratus shown in Figure 1 . 

20 

Figures 24A and 24B show examples of modified pre-wet liquid supply elements that can be used by the liquid 
developing apparatus of this invention. 

Figure 25 shows an example of modified developing agent supply apparatus that can be used by the liquid devel- 
25 oping apparatus of this invention. 

Figure 26 shows use of a regulatory blade instead of the regulatory roller that is used in the developing agent sup- 
ply apparatus shown in Figure 25. 

30 Figure 27 shows another example of modified developing agent supply apparatus that can be used by the liquid 
developing apparatus in this invention. 

Figures 28A and 28B show the method used for making contact between the developing belt shown in Figure 27 
and the photosensitive member. 

35 

Figure 29 shows an example of a modification to the developing agent supply apparatus shown in Figure 25. 

Figure 30 shows another example of modified developing agent supply apparatus that can be used by the liquid 
developing apparatus in this invention. 

40 

Figure 31 shows the locations of the clearance gap maintenance elements that can be used with the developing 
agent supply mechanism shown in Figure 30. 

Figure 32 shows another example of modified developing agent supply apparatus that can be used by the liquid 
45 developing apparatus in this invention. 

Figure 33 shows another example of the locations of the clearance gap maintenance elements. 

Figure 34 is an overview of the structure of a modified example of the electrostatic latent image liquid developing 
so apparatus in the first embodiment of this invention. 

Figure 35 shows an example of a modification to the transfer apparatus that can be used by the liquid developing 
apparatus in this invention. 

55 Figure 36 is an overview of the structure of the liquid developing apparatus in the second embodiment of this inven- 
tion. 

Figure 37 is an overview of an image bearing member and developing agent supply apparatus that can be used by 
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the modified example of the liquid developing apparatus in the second embodiment of this invention. 

Figure 38 shows an example of modified developing agent supply apparatus that can be used by the liquid devel- 
oping apparatus in the second embodiment of this invention. 

5 

Figure 39 shows a modified example of the developing agent supply apparatus shown in Figure 38. 

Figure 40 is an overview of another image bearing member and developing agent supply apparatus that can be 
used by the liquid developing apparatus in this invention. 

w 

Figure 41 is an overview of the structure of another modified example of the liquid developing apparatus in this 
invention. 

Description of the Preferred Embodiments 

15 

[0075] The first embodiment of this invention is explained below with reference to the drawings. 
[0076] The electrostatic latent image liquid developing apparatus that is the first embodiment, shown in Drawing 1 , 
is provided with a photosensitive member (1 0) that is the image bearing member, pre-wet apparatus (20) that applies 
pre-wet liquid to the photosensitive member (10), charger apparatus (30) that gives an electric charge to the photosen- 

20 sitive member (1 0), exposure apparatus (40) that exposes the image on the photosensitive member (1 0), developing 
apparatus (50) that makes a visible image from the electrostatic latent image by means of supplying toner to the parts 
of the photosensitive member (10) where the electrostatic latent image is formed, transfer apparatus (60) that transfers 
the toner on the photosensitive member (10) to the prescribed paper, paper feed apparatus (610) that carries the pre- 
scribed paper over the transfer member in the transfer apparatus (60), fixing apparatus (620) that fixes the toner trans- 

25 ferred from the transfer apparatus (60) to the paper, cleaning apparatus (70) that removes the remaining toner from the 
photosensitive member (1 0), and charge removal apparatus (80) that neutralises the charge on the electrically charged 
photosensitive member (10). 

[0077] The related technology used for the electrophotographic type of printers in related art can, in most cases, be 
used for the charger apparatus (30), exposure apparatus (40), paper feed apparatus (610), fixing apparatus (620), 
30 cleaning apparatus (70), and the charge removal apparatus (80). Accordingly, the explanation of the first embodiment 
omits explanations for the above types of apparatus, but explains the main parts of this invention, that is, the pre-wet 
apparatus (20), developing apparatus (50), and the transfer apparatus (60). 

[0078] The pre-wet apparatus in the first embodiment (20), shown in Drawing 2, is provided with a plate-shaped 
pre-wet liquid supply element (202) that is roughly as long as the width of the image created on the photosensitive 

35 member (10), a casing (204) that houses the pre-wet liquid supply element (202), a tank (206) that stores the pre-wet 
liquid (220), a pump (208) that draws up the pre-wet liquid (220) that is stored in the tank (206), tubes 210a and 210b, 
and position changing apparatus (212). A material that has a three-dimensional mesh structure in which the pores are 
three-dimensionally continuous, such as a continuously porous sponge or Bell-eta (registered trademark of Kanebo, 
Ltd.) can be used as the pre-wet liquid supply element (202). The amount of pre-wet liquid (220) that can be retained 

40 by a pre-wet liquid supply element formed from a material that has a three-dimensional mesh structure is limited to the 
capacity of the pores. When the supply of pre-wet liquid (220) exceeds the capacity of the pores, the pre-wet liquid (220) 
is released uniformly in a direction that is perpendicular to the direction of flow of the pre-wet liquid (220), as shown in 
Drawing 3. The side of the casing (204) that faces the photosensitive member (10) is provided with an aperture (204a) 
that allows the lower side of the pre-wet liquid supply element (202) to abut the photosensitive member (10). A tube 

45 (210a) carries the pre-wet liquid (220) that is drawn up by the pump (208) to the supply aperture (204a) of the pre-wet 
liquid supply element (202). Note that an empty space (204b) is formed between the casing (204) and the supply aper- 
ture (202a) of the pre-wet liquid supply element (202). The pre-wet liquid (220) accumulates in this empty space (204b) 
before being supplied from the supply aperture (202a). Another tube (210b) carries the pre-wet liquid (220) that is 
released from the release side (202b) of the pre-wet liquid element (202) to the tank (206). The position changing appa- 

50 ratus (212) is an eccentric cam which causes the pre-wet liquid supply element to pivot on an axle(214). When an exter- 
nal signal is not input, the pre-wet liquid supply element (202) is held in the separated position from the photosensitive 
member (10), as shown in Drawing 4. When an external signal is input, the pre-wet liquid supply element (202) is 
brought into contact with the photosensitive member (1 0), as shown in Drawing 5. 

[0079] The developing apparatus (50) of the first embodiment, shown in Figure 6, is provided with a bellows pump 
55 (502) that both stores and discharges the liquid developing agent (508), a trap (504) that holds the liquid developing 
agent (508) that is discharged by the bellows pump (502), a developing agent supply roller (506) disposed such that the 
lower part of the roller soaks in the liquid developing agent (508) that is stored in the trap (504), a developing belt (51 0) 
that is the developing agent bearing member and that is disposed on the upper part of the developing agent supply 
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roller (506), drive rollers (512a, 512b, and 512c) that provide the rotational drive for the developing belt (510) and also 
ensure that the developing belt abuts the developing agent supply roller (506) and the photosensitive member (1 0), reg- 
ulatory rollers (514a and 514b) that are formed from an elastic material and that regulate the thickness of the film of 
liquid developing agent (508), and scraper blades (516a and 516b). 

5 [0080] The developing agent supply roller (506) rotates in the opposite direction to the direction of rotation of the 
developing belt (510), as shown in Drawing 6, such that liquid developing agent (508) is carried to the surface of the 
developing belt (510). The use of the developing agent supply roller (506) to supply the liquid developing agent (508) to 
the developing belt (51 0) is viable because a liquid developing agent (508) in which the toner is dispersed at a high con- 
centration is used, as described later. Thus, large quantities of developing agent are not required and, therefore, a roller 

10 is an effective means of achieving an even application of developing agent on the surface of the developing belt (510). 
The drive rollers (512a, 512b, and 512c) rotate the developing belt (510) in the driven direction in relation to the photo- 
sensitive member (10), that is, in the opposite direction to the direction of rotation of the photosensitive member(10). 
This carries the liquid developing agent (508) supplied from the developing agent supply roller (506) to the surface of 
the photosensitive member (10). Perforations (510a), as shown in Drawing 7, are provided on both ends of the devel- 

75 oping belt (510) and these engage the sprockets provided on both ends of a drive roller (51 2a) in order to apply a rota- 
tional drive force to the developing belt (510). As a result, the developing belt (510) can be stabilised and driven. 
[0081] A flexible element is used as the developing belt (51 0). The rigidity of the developing belt is a factor in main- 
taining the two-layer structure of the developing agent film formed on the developing belt (510) and the pre-wet liquid 
film formed on the photosensitive member (10) when the two layers touch and also in the two layers being separated at 

20 a point within the pre-wet liquid layer. Experiments performed by the inventors et al. showed that, when a seamless 
nickel belt is used as the developing belt (51 0), the rigidity of the developing belt is related to the peripheral length and 
the thickness of the developing belt. Good results can be obtained when the peripheral length of the developing belt is 
125 mm and the thickness is 30 u.m, or when the peripheral length of the developing belt is 250 mm and the thickness 
is 50 jim. When a seamless resin belt, such as a polyimide film belt, is used as the developing belt (510), the rigidity of 

25 the developing belt is not affected by the peripheral length or thickness of the developing belt and good results can be 
obtained. Note that resin belts require the addition of conductive minute particles to lower the electric resistance value 
such that a developing bias can be applied or, alternatively, a conductive process must be applied to the surface of the 
belt. 

[0082] Rubber rollers to which minute conductive particles are added to provide a low electric resistance value, so 

30 that a developing bias can be applied, are used for the drive rollers (512a, 512b, and 512c). In addition, grid patterns 
are provided on the surfaces of the drive rollers (51 2a, 51 2b, and 51 2c), as shown in Drawing 8, to prevent slippage of 
the developing belt (510). Regulatory roller 514a is disposed such that it presses against the developing belt (510) 
wound on drive roller 512a and rotates in the direction that drives the developing belt (510), that is, in the direction that 
drives the drive roller (512a). Regulatory roller 514b is disposed such that it presses against the developing agent sup- 

35 ply roller (506) and rotates in the direction that drives the developing agent supply roller (506). Note that experiments 
performed by the inventors et al. showed that good results can be obtained in terms of the formation of a thin layer of 
liquid developing agent (508) on the developing belt (510) if the peripheral speed of regulatory roller 514a is twice as 
fast as the peripheral speed of the developing belt (51 0). Scraper blades 51 6a and 51 6b scrape off the liquid developing 
agent (508) that has adhered to the developing belt (51 0) and to the developing agent supply roller (506) respectively. 

ao [0083] The transfer apparatus (60) of the first embodiment, shown in Drawing 9, is provided with a transfer belt 
(602) that is the transfer member, drive rollers (604a, 604b, and 604c) that provide the rotational driving force for the 
transfer belt (602) and that also support the transfer belt (602) such that part of the transfer belt abuts the photosensitive 
member (10), a corona discharge device (606) that charges the transfer belt (602) with an electric charge of opposite 
polarity to the toner, and a scraper blade (608) that scrapes off the toner that has adhered to the transfer belt (602). 

45 [0084] The drive rollers (604a, 604b, and 604c) rotate the transfer belt (602) in the opposite direction to the direction 
of rotation of the photosensitive member (10). As a result, the paper carried by the paper feed apparatus (610) is fed 
between the photosensitive member (10) and the transfer belt (602). A flexible element such as a rubber belt, a seam- 
less nickel belt coated with a resistance layer on the surface, or a resin belt is used for the transfer belt (602). The flex- 
ibility allows the contact pressure to be distributed when the toner image formed on the photosensitive member (10) and 

so the paper touch. 

[0085] A value of from 1 0 4 to 1 0 1 1 ftcm is desirable as the electric resistance value of the transfer belt (602). If the 
electric resistance value is 1 0 4 £*cm or less, there is a possibility that the paper fed between the photosensitive member 
(10) and the transfer belt (602) may also become charged by the corona discharge device (606). Since the resistance 
value of the paper varies greatly (10 9 to 10 13 ftcm) in accordance with the paper type and the humidity, if the charge 
55 does reach the paper, the change in the resistance value of the paper inappropriately affects the transfer to the paper 
of the toner image formed on the photosensitive member (10). If the electric resistance value is increased to 1 0 11 Qcm 
or higher, the charge on the transfer belt (602) becomes too small, the electrostatic force between the transfer belt (602) 
and the toner image formed on the photosensitive member (1 0) becomes too weak, and insufficient toner is transferred 
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to the paper. Note that, to achieve the above electric resistance values for the transfer belt (602) when a resin belt is 
used, minute conductive particles must be added or a conductive process must be applied to the surface. 
[0086] A fluorine coating is applied to the surface of the transfer belt (602). This prevents the transfer belt (602) from 
becoming dirty because it improves the transfer belt's release properties in relation to the toner and makes it easier for 

5 the scraper blade (608) to scrape off the toner adhering to the transfer belt (602). 

[0087] The image formation raw materials used in the first embodiment are explained next. The liquid developing 
agent (508) used in the first embodiment is comprised of toner and a carrier liquid. The toner is comprised of a an epoxy 
or similar resin as a binder, an electric charge control agent that gives a specific charge to the toner, colour pigment, a 
dispersing agent that disperses the toner evenly, and so on. The composition of the toner is basically the same as the 

w toner used in the liquid developing agents in the related art, but the formulae for the regulation of the electric charge 
characteristics and dispersion have been changed to suit silicon oil. If the average particle diameter of the toner is 
reduced, the resolution improves but the physical adhesive force also increases. This makes the toner difficult to 
release during transfer. Therefore, the average particle diameter of the toner used in the first embodiment is regulated 
such that most particles are about 2 to 4 u.m in order to improve ease of transfer. 

15 [0088] The viscosity of the liquid developing agent is determined by the types and concentrations of the carrier liq- 
uid, resin, colour pigment, electric charge control agent, and other components that are used. For the first embodiment, 
various viscosities in the range from 50 to 600 mPa.s and various toner concentrations in the range from 5 to 40% were 
tested. 

[0089] A liquid with high electric resistance and low viscosity, such as dimethyl polysiloxane oil or a cyclic poly- 

20 dimethylsiloxane oil, is used as the carrier liquid. Note that, since the layer of liquid developing agent formed on the 
developing agent bearing member is formed as a thin film, the carrier liquid contained in the layer of liquid developing 
agent is only an extremely small amount. Therefore, the amount of carrier liquid included in the layer of liquid developing 
agent supplied to the surface of the latent image on the photosensitive member (10) is also extremely small. As a result, 
only extremely small amounts of carrier liquid are absorbed by the paper or other recording medium during transfer. 

25 Therefore, if the viscosity is 1 ,000 mPa.s or less, remaining carrier liquid usually cannot be seen on the paper or other 
recording medium after fusing. Experiments performed by the inventors et al. showed that, after fusing, remaining car- 
rier liquid could not be seen on the paper or other recording medium when either DC344 from Dow Corning Corporation 
of America with a viscosity of 2.5 mPa.s or DC345 from Dow Corning Corporation of America with a viscosity of 6.5 
mPa.s were used as the carrier liquid for the image output tests. However, the developing apparatus must have a tightly 

30 sealed structure due to the high volatility of these liquids. Further image output tests were performed using KF-96-20 
from Shin-Etsu Silicone Co., Ltd. with a viscosity of 20 mPa.s as the carrier liquid. After fusing, remaining carrier liquid 
could not be seen on the paper or other recording medium and, furthermore, the volatility is low enough that the devel- 
oping apparatus does not need a tightly sealed structure. DC344, DC345, and KF-96-20 are all in general use in cos- 
metic products, have tow toxicity, and are extremely safe. There are many types of similar carrier liquids containing 

35 silicon oil or similar components, including KF9937, from Shin-Etsu Silicone Co., Ltd. Any of these may be selected as 
long as they meet the electric resistance, vapour characteristic, surface tension, safety, and other requirements. 
[0090] Experiments performed by the inventors et al. showed that fogging and adhesion of clusters of toner can 
occur if the surface tension is too high. Experiments showed that image quality problems occur if the surface tension is 
21 dyn/cm or higher. 

40 [0091 ] To avoid stability problems with the electric charge of the toner, an electric resistance value of 1 0 14 Hem or 
more is desirable and a minimum value of 10 12 Hem or more is required. In keeping with the results of these experi- 
ments, an example using DC345, which is inexpensive and easy to obtain, is given in the explanation of the first embod- 
iment. 

[0092] A liquid which does not cause inaccuracies in the electrostatic latent image formed on the image bearing 
45 member, that vaporises easily during fusing, and that does not cause fogging or adhesion of clusters of toner is required 
as the pre-wet liquid. Examples include DC344, DC200-0.65, DC200-1.0, and DC200-2.0 from Dow Corning Corpora- 
tion of America and KF96L-1 and KF9937 from Shin-Etsu Silicone Co., Ltd. Generally, a silicon oil that vaporises easily 
must be selected. 

[0093] Experiments performed by the inventors et al. showed that developing, transfer, and fusing dries the liquid 
so without any problems occurring if the viscosity of the liquid is in the range from 0.5 to 3 mPa.s. However, with viscosities 
from about 5 to 6 mPa.s, both time and heat tend to be required to dry the liquid during fusing. A viscosity of 10 mPa.s 
is not normally used because too much energy is required for drying. If the viscosity is reduced 0.5 mPa.s or less, the 
liquid becomes more volatile and is not suitable due to the legal constraints as a dangerous substance that apply. In 
addition, a liquid with a boiling point of 250°C or less must be used because the paper is affected by application of heat. 
55 [0094] The surface tension should be as low as possible in order to avoid an adhesive force between the developing 
agent and the image bearing member, to prevent the image becoming dirty or foggy, and to improve the resolution in 
the image quality. Experiments performed by the inventors et al. showed that the limit is about 20 to 21 dyn/cm and that 
a value below this must be selected. 
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[0095] If the electric resistance is too low, the charge of the latent image leaks and the image fades. Therefore, a 
liquid with an electric resistance that is as high as possible must be used. Experiments showed that an electric resist- 
ance of about 1 0 14 cm or more is desirable and a minimum value of 10 12 cm is required. 

[0096] Drawing 10 explains the operation of the first embodiment of the liquid developing apparatus used for devel- 
5 oping electrostatic latent images. Firstly, as shown in Drawing 10 (A), the pre-wet apparatus (20) applies the above pre- 
wet liquid (220) to the photosensitive member (1 0). When an external signal is input, the pre-wet apparatus (20) moves 
the pre-wet liquid supply element (202) into contact with the photosensitive member (10). The pre-wet liquid (220) is 
circulated continuously inside the pre-wet liquid supply element (202) by means of the pump (208). Pre-wet liquid (220) 
that exceeds the capacity of the pores in the Bell-eta used as the pre-wet liquid supply element (202) is released from 
w the release side (202b) of the pre-wet liquid supply element (202), as shown in Drawing 3, and also from the lower sur- 
face of the pre-wet liquid supply element (202). This provides a uniform application of the pre-wet liquid to the photo- 
sensitive member (1 0) without causing damage to the photosensitive member (10). 

[0097] Next, as shown in Drawing 10 (B), the photosensitive member (10) to which pre-wet liquid (220) has been 
applied is given an electric charge by the corona discharge device (302). The electric charge is carried by ions which 

15 reach the surface of the photosensitive member (10) through the medium of the pre-wet liquid (202) layer. Then, the 
image is exposed on the photosensitive member (1 0). A laser scanner, for example, exposes the image and forms an 
electrostatic latent image on the surface of the photosensitive member (10). As shown in Drawing 1 0 (C), the parts that 
are hit by the light from the laser scanner are made conductive and the electric charge dissipates. The parts that have 
been hit by the light are the charged image and remain as the electrostatic latent image. 

20 [0098] Next, the developing apparatus (50) makes the electrostatic latent image into a visible image. The liquid 
developing agent (508) that has been discharged from the bellows pump (502) and stored in the trap (504) is drawn up 
by the developing agent supply roller (506), the thickness of the layer is adjusted by regulatory roller 514b, and then the 
liquid is supplied to the developing belt (51 0). The thickness of the layer of liquid developing agent (508) supplied to the 
developing belt (510) is adjusted by regulatory roller 514a to form a thin film on the developing belt (510). The liquid 

25 developing agent film formed on the developing belt (510) in this way is brought adjacent to the electrostatic latent 
image formed on the surface of the photosensitive member (10), as shown in Drawing 10 (D), where the electrostatic 
force transfers the charged toner to the photosensitive member (10). Note that the liquid developing agent (508) that is 
stored in the trap (504) is agitated by the rotation of the developing agent supply roller (506). 

[0099] Next, the toner image that has been formed on the photosensitive member (1 0) is transferred to the paper 
30 recording medium by the transfer apparatus (60). An electrostatic force is generated between the toner image that has 
been formed on the photosensitive member (10) and the transfer belt (602) that the corona discharge device (606) has 
charged with an electric charge that has the opposite polarity to the toner. As shown in Drawing 10 (E), this electrostatic 
force makes the toner adhere to the surface of the paper that has been carried by the paper feed apparatus (61 0) and 
fed between the photosensitive member (1 0) and the transfer belt (602). In this way, the image formed on the photosen- 
35 sitive member (1 0) is transferred to the paper. Then, as shown in Drawing 1 0 (F), the heater (624) that is provided within 
the f user roller (622) of the fusing apparatus (620) thermally fuses the transferred toner and fixes it to the paper. The 
cleaning apparatus (70) removes the liquid developing agent (508) that remains on the photosensitive member (10). 
Then, after the charge removal apparatus (80) neutralises the charge on the photosensitive member (10), the photo- 
sensitive member can be used again repeatedly for the above cycle from electric charging through to charge neutrali- 
40 sation. 

[0100] Drawings 1 1 to 19 explain the details of the developing process in the first embodiment. 
[0101] The developing process of the first embodiment can be thought of as consisting of the following three proc- 
esses, as shown in Drawing 1 1 : the contact process in which the developing belt comes close to the photosensitive 
member and the liquid developing agent comes close to the surface of the photosensitive member; the toner migration 
45 process in which the liquid developing agent layer and the pre-wet layer make soft contact, allowing the toner to migrate; 
and the separation process in which the developing belt separates from the photosensitive member, and the toner 
adhering to the developing belt separates from the toner adhering to the photosensitive member. 
[0102] The developing belt (51 0) is constructed from a flexible element. This allows a minute gap (d) to be formed 
between the developing belt and the photosensitive member during the contact process, as shown in Drawing 12, and 
so the highly viscous liquid developing agent, comprised of a carrier liquid and toner, and the pre-wet liquid form a soft con- 
tact. This contact pushes out some of the pre-wet liquid, which has the lower viscosity of the two liquids, and produces 
a liquid bank of pre-wet liquid. The condition wherein the above gap is formed does not refer to the deliberate formation 
of a fixed gap between the image bearing member and the developing agent bearing member, but rather to the condi- 
tion wherein the two-layer structure of the developing agent layer on the developing agent bearing member and the pre- 
ss wet layer on the image bearing member is maintained so that inaccuracies do not occur. 

[0103] During the toner migration process, the electrical field formed between the electric charge on the photosen- 
sitive member (10) and the developing belt (510) causes the toner at the image parts to migrate, as shown in Drawing 
13, to the latent image surface through the medium of the pre-wet liquid layer, mainly by means of the Coulomb force. 
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At the non-image parts, the surface of the photosensitive member (10) and the liquid developing agent layer are basi- 
cally separated by the p re-wet liquid layer and, therefore, the toner does not adhere to the photosensitive member (1 0). 
[0104] During the separation process, the liquid developing agent basically remains on the developing belt (51 0) at 
the non-image parts, as shown in Drawing 14. When the pre-wet liquid layer and the liquid developing agent layer sep- 

5 arate at their interface into two layers, part of the pre-wet liquid layer, which has the lower viscosity, is transferred to the 
liquid developing agent layer to achieve the separation. Accordingly, the separation point for the two layers can be seen 
as being a point within the pre-wet liquid layer. At the image parts, the toner that has migrated to the surface of the pho- 
tosensitive member (10) pushes the pre-wet liquid layer away such that the pre-wet liquid layer is located on top of the 
toner layer and the separation is made at a point within that pre-wet liquid layer, as shown in Drawing 15. Some of the 

w carrier liquid that remains on the developing belt (510) after the toner has migrated and some of the pre-wet liquid form 
a thin film layer. The pre-wet liquid remaining on the photosensitive member (10) can be moved easily during the sub- 
sequent transfer process by the electrostatic force of the toner. 

[0105] Drawing 16 explains the significance of the liquid developing agent being in the form of a thin film. If the layer 
of liquid developing agent applied to the developing belt (510) is too thick, the high viscosity of the liquid developing 

is agent (508) causes excessive toner adherence, which produces image noise. This is because, when the electrostatic 
force moves a toner selection from the developing belt (510) to the surface of the photosensitive member (1 0), the sur- 
rounding toner adheres to the toner selection to form a cluster which moves to the photosensitive member (10) along 
with the target toner selection. If the layer is too thin, clusters do not form but a uniform distribution of toner over the 
entire roller becomes difficult to achieve. Therefore, the value for the minimum thickness of the liquid developing agent 

20 layer that provides good developing results must be determined. 

[0106] Drawing 1 7 shows how hard contact is made between a developing roller that is a developing agent bearing 
member and a photosensitive member, and Drawing 18 explains the soft contact achieved in the first embodiment. As 
explained above, the function of the pre-wet liquid layer during the developing process is of major importance to image 
formation in the first embodiment. Accordingly, maintenance of the two-layer structure of the pre-wet liquid layer and the 

25 liquid developing agent layer is an important pre-condition of the developing process. If the developing roller and the 
photosensitive member are brought into hard contact as shown in Drawing 17, the low-viscosity pre-wet liquid layer is 
expelled and the two-layer structure cannot be maintained. Therefore, the photosensitive member (10) and the devel- 
oping roller (506) must be positioned such that a minute gap, gap d in Drawing 18, is provided between the surface of 
the photosensitive member (1 0) on which the electrostatic latent image is formed and the developing roller (506). Draw- 

30 ing 1 9 shows a method used in the first embodiment to provide this minute gap. Instead of the developing roller (506), 
a developing belt (510) that is constructed from a flexible element is used as a belt element. This element allows the 
minute gap d to form between the surface of the photosensitive member (10) on which the electrostatic latent image is 
formed and the developing belt (51 0). Use of a flexible element for either the photosensitive member or the developing 
agent bearing member in this way has the advantages of allowing relaxation of mechanical precision requirements and 

35 enabling easy assembly. 

[0107] Next, optimization of the toner layer thickness, pre-wet layer thickness, and the developing gap is explained. 
The toner layer must be thin if the viscosity of the liquid developing agent is 50 to 100 mPa.s or higher, and particularly 
so if the viscosity is 500 mPa.s or higher. The ideal layer thickness is just a little thicker than the layer thickness that can 
supply the toner developing capacity (that is, the concentration when solid black is output) required during developing. 

40 This is because a highly viscous liquid developing agent is used and, if the layer is too thick, the electrostatically 
selected toner brings neighbouring toner along with it when migrating to the photosensitive member during developing 
due to the viscosity of the liquid. This results in the adhesion of superfluous toner and causes images to become dirty. 
The experiments performed by the inventors et al. concerning developing agents with high toner concentrations showed 
that good images can be obtained using layer thicknesses starting from 5 um, and up to about 40 urn for comparatively 

45 lower toner concentrations. In addition, if a developing agent with a toner concentration of 20 to 30% is used, good 
image quality can be obtained using toner layer thicknesses of about 8 to 20 u.m. 

[0108] The optimum value for the thickness of the pre-wet liquid layer depends on the viscosity and surface tension 
of the selected pre-wet liquid. If the layer is too thin, developing agent at non-image parts adheres to the photosensitive 
member. In addition, at the image parts, the release between the developing agent layer and the developing belt is not 

so adequate and the highly viscous liquid developing agent adheres to the photosensitive member in a disorderly manner, 
which causes images to become dirty. The layer being too thin can be confirmed if the images become cleaner as the 
quantity of pre-wet liquid is increased. The improvement results from the toner adhering less easily to the non-image 
parts on the image bearing member after release if the pre-wet liquid layer between the developing agent layer at the 
non-image parts and the photosensitive member is made thicker. As the quantity of pre-wet liquid is increased even fur- 

55 ther, the latent image electric charge flows causing the clarity and resolution to deteriorate, the toner spreads during 
developing, and the image tends to fade. Accordingly, optimum values for the thickness of the pre-wet layer vary in 
accordance with the other conditions. In experiments in which DC344 was used, good results were obtained with thick- 
nesses of 5 to 30 jam, and even better results with thicknesses of 20 u,m or less. With liquids with even lower viscosities, 
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good results can be obtained with both thinner and thicker layers. However, the range of optimum values tends to 
become narrower with more highly viscous liquids. 

[0109] As with the developing methods in related art, the image quality attributes of resolution and the uniformity of 
the density in solid parts improves as the gap between the photosensitive member and the developing belt is made 
smaller. When powder developing agents are used, the toner to be used for developing is freed from the developing 
agent bearing member or carrier particles by mechanical impact and electrostatic force. However, in the highly viscous 
liquid developing agent used in the first embodiment, the adhesive force between the toner particles is too strong to 
allow use of this type of developing. In other words, developing does not take place through the medium of an airspace 
between the developing agent layer and the photosensitive member. Rather, the contact between the developing belt 
and liquid developing agent layer, the liquid developing agent layer and the p re-wet layer, and the p re-wet layer and the 
photosensitive member is mandatory. Therefore, before developing starts, the gap must be no larger than the gap 
required to accommodate the pre-wet layer on the surface of the photosensitive member. Accordingly, the size of devel- 
oping gap d must be larger than the thickness of the developing agent layer and smaller than the sum of the thicknesses 
of the developing agent layer and the pre-wet layer, that is, from about 1 0 to 60u.m. Table 1 shows the relationships that 
can be predicted between the thickness of the developing agent layer, the thickness of the pre-wet liquid layer, and 
developing gap d. The inventors et al. performed experiments in which a roller was used as either the developing agent 
bearing body or the image bearing body in order to find the exact values for the above gap. The experimental results 
verified the relationships shown in Table 1 at the following test values: a developing agent layer thickness of 1 0 urn with 
pre-wet liquid layer thicknesses of 20 urn and 30 urn; a developing agent layer thickness of 20 u.m with pre-wet liquid 
layer thicknesses of 10 um, 20 and 30 u.m; and developing gap d values of 20 urn, 30 u.m, 40 urn, 50 |xm, and 60 
u,m for each of the above combinations. 
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[0110] In the first embodiment, the developing gap d is set at values between 20 um and 50 urn, as appropriate, to 
suit differences in the viscosity of the developing agent and toner concentration. 

[0111] Table 2 shows the results of image output experiments performed under the above conditions. These results 
indicate that the most suitable viscosity ranges for the developing agent and the pre-wet liquid in the developing method 

so of the first embodiment are developing agent viscosity values of 1 00 mPa.s or higher and pre-wet liquid viscosity values 
from 0.5 to 5 mPa.s. The image quality is affected by the thickness of the layer of liquid developing agent on the devel- 
oping belt, the thickness of the pre-wet liquid layer, the developing agent gap, and other factors, but even if the various 
developing conditions are optimised, the general trends shown in Table 1 apply, and the test results confirm that the 
optimum characteristics for the liquid developing agent are within the range shown in Table 1. The Dow Corning DC200 

55 series was used as the pre-wet liquid silicon oil, and Dow Corning DC345 was used as the carrier liquid in the develop- 
ing agent. 
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Table 2 
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35 [0112] Under current conditions, highly viscous developing agents with viscosities of 6,000 mPa.s or higher are not 
really practical due to the difficulty of stirring the carrier liquid and toner but, overall, they can be made useable if they 
can be obtained cheaply. If the pre -wet layer is formed satisfactorily and the thickness of the developing agent layer is 
between 5 and 40 urn, the developing agent can be used even at a viscosity of 1 0,000 mPa.s 

[0113] In this embodiment, the pre-wet liquid (220) impregnates the plate-shaped pre-wet liquid supply element 

40 (202), which is formed from a material with a three-dimensional mesh structure, such as Bell-eta (registered trade- 
mark), in which the pores are three-dimensionally continuous. The pre-wet liquid supply element is brought into contact 
with the image bearing member, which is the photosensitive member (10), to supply the pre-wet liquid to the surface of 
the photosensitive member (1 0). In this way, a uniform thickness of pre-wet liquid can be applied without causing dam- 
age to the surface of the photosensitive member and, as a result, the adhesion of toner to the non-image parts on the 

45 photosensitive member can be prevented. 

[0114] Note that large amounts of pre-wet liquid can be retained by the pre-wet liquid supply element if the Bell-eta 
(registered trademark) has a large pore capacity. This causes a time lag between commencement of the supply of pre- 
wet liquid to the pre-wet liquid supply element and commencement of pre-wet liquid application to the surface of the 
photosensitive member. However, this type of time lag does not occur in this embodiment because the pre-wet liquid 

so (220) is circulated continuously inside the pre-wet liquid supply element (202). 

[0115] A developing belt (510) formed from a flexible material is used as the image bearing member in the first 
embodiment of this invention. This allows the contact pressure to be distributed when the developing agent layer formed 
on the developing belt (510) and the pre-wet liquid layer formed on the photosensitive member (10) are brought into 
contact. As a result, the two-layer structure of the developing agent layer and the pre-wet liquid layer is maintained when 

55 the layers are brought into contact during the developing process and, at completion of the developing process, the two 
layers are separated at a point within the pre-wet liquid layer. This prevents disturbance of the pre-wet liquid layer and, 
as a result, prevents adhesion of toner to the non-image parts on the image bearing member and prevents image inac- 
curacies. 
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[0116] A transfer belt (602) formed from a flexible material is used as the transfer member in the first embodiment 
of this invention. This allows the contact pressure to be distributed when the toner image formed on the latent image 
surface on the photosensitive member (1 0) and the paper, which is the recording medium, are brought into contact. This 
prevents the occurrence of inaccuracies in the toner image and, as a result, the toner image can be transferred to the 

5 paper without the image spreading. 

[0117] The transfer belt (602) in the first embodiment has an electric resistance value of 10 4 to 10 11 Q. cm. As a 
result, the toner image that has been formed on the photosensitive member (10) can be transferred well to the paper. 
[0118] In addition, a fluorine coating is applied to the surface of the transfer belt (602) in this embodiment. This 
improves the toner release properties and, as a result, the toner adhering to the transfer belt (602) can be released eas- 

w ily and the transfer belt is prevented from becoming dirty. 

[0119] Silicon oil is used as the carrier liquid in the liquid developing agent in the first embodiment. In comparison 
with the carrier liquids in related art, silicon oil has the advantages described below. 

[0120] In the liquid developing agents in related art, an isoparaffinic solvent such as Isopar (registered trademark 
of the Exxon Corporation) is generally used as the carrier liquid. Since the resistance value for Isopar is not as high as 

15 for silicon oil, the toner charge properties deteriorate as the toner concentration is increased, that is, as the space 
between particles becomes smaller. Accordingly, the toner concentration levels are limited for Isopar. In contrast, the 
silicon oil used in the first embodiment has a sufficiently high resistance value to allow increases in the toner concen- 
tration. Generally, the toner disperses well in Isopar and, therefore, the toner particles tend to repel each other even 
when the toner concentration is 1 to 2%, allowing uniform toner dispersion. In contrast, toner does not disperse well in 

20 silicon oil at concentrations of 1 to 2% and precipitates easily. However, if the toner concentration is increased to a level 
from 5 to 40%, the toner becomes tightly packed and disperses evenly. Thus, a highly viscous liquid developing agent 
in which the toner is very densely dispersed can be used in the first embodiment. As a result, the volume of developing 
liquid can be greatly reduced in comparison with the low-concentration liquid developing agents in related art, and 
reduction in the size of the apparatus can be achieved. Furthermore, since the liquid developing agent used in the first 

25 embodiment is a highly viscous liquid, handling and storage is easier than with the low-viscosity liquid developing 
agents and powder developing agents of related art. 

[0121] The Isopar used in the liquid developing agents in related art is highly volatile and releases an unpleasant 
odour, as mentioned above. This adversely affects the work environment and causes environmental problems. In con- 
trast, the silicon oil used in the first embodiment is a safe liquid, as amply evidenced by its use in cosmetic products, 
30 and is odourless. Thus, use of the first embodiment can improve the work environment and avoid environmental prob- 
lems. 

[0122] Note that this invention is not restricted to the above embodiment and that various modifications are possible 
within the scope of the essential requirements. For example, in the pre-wet apparatus in the above embodiment, the 
pre-wet liquid (220) circulates continuously in the pre-wet liquid supply element (202), as already explained, but this 
35 invention is not restricted in this matter. The pre-wet apparatus may supply the pre-wet liquid to the pre-wet liquid supply 
element at the time of pre-wetting only. 

[0123] Drawings 20A and 20B show examples of modified pre-wet apparatus that can be used by the above 
embodiment of the electrostatic latent image liquid developing apparatus. The pre-wet apparatus (20) examples shown 
in Drawings 20A and 20B are provided with a plate-shaped pre-wet liquid supply element (242) that is roughly as long 

40 as the width of the image created on the' photosensitive member (10), a casing (244) that houses the supply edge 
(242a) of the pre-wet liquid supply element (242), a tank (246) that stores the pre-wet liquid (220), a pump (248) that, 
on the basis of an externally input signal, draws up the pre-wet liquid (220) that is stored in the tank (246), tube 250, 
and position changing apparatus (not illustrated). The tube (250) carries the pre-wet liquid (220) that is drawn up by the 
pump (248) to the supply edge (242a) of the pre-wet liquid supply element (242). Note that an empty space is formed 

45 between the casing (244) and the supply edge (242a) of the pre-wet liquid supply element (242). The pre-wet liquid 
(220) accumulates in this empty space before being supplied from the supply edge (242a). The position changing appa- 
ratus holds the pre-wet liquid supply element (242) in the separated position from the photosensitive member (10), as 
shown in Drawing 20A, when an external signal is not input. When an external signal is input, the pre-wet liquid supply 
element (242) abuts the photosensitive member (10), as shown in Drawing 20B. When an external signal is input, the 

so pre-wet apparatus (20) supplies the pre-wet liquid (220) to the pre-wet liquid supply element (242) by means of the 
pump (248) and, at the same time, moves the release edge (242b) of the pre-wet liquid supply element (242) into con- 
tact with the photosensitive member (10) by means of the position changing apparatus. Pre-wet liquid (220) in excess 
of the capacity of the pores in the Bell-eta (registered trademark), which is a continuously porous material that has a 
three-dimensional mesh structure, used as the pre-wet liquid supply element (242) is released from the release edge 

55 (242b) of the pre-wet liquid supply element (242) and applied to the photosensitive member (10). In this way, a uniform 
thickness of pre-wet liquid can be applied without causing damage to the surface of the photosensitive member. 
[0124] Note that large amounts of pre-wet liquid can be retained by the pre-wet liquid supply element if the Bell-eta 
(registered trademark) has a large pore capacity. This causes a time lag between commencement of the supply of pre- 
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wet liquid to the pre-wet liquid supply element and commencement of pre-wet liquid application to the surface of the 
photosensitive member Accordingly, it is desirable that the length of the pre-wet liquid supply element (242) in the 
direction of flow of the pre-wet liquid (220) be as short as possible. 

[0125] The continuously porous sponge material, Bell-eta (registered trademark) used as the pre-wet liquid supply 
5 element in the above embodiment has already been explained. However, this invention is not restricted in this matter. 
As long as a fixed quantity of pre-wet liquid can be applied to the surface of the photosensitive member, an element 
other than continuously porous sponge, for example, a rubber roller, may be used. Similarly, this invention is not 
restricted to use of a plate shape. 

[0126] The pre-wet apparatus of this embodiment, shown in Drawing 21, may be provided with a pre-wet liquid sup- 
10 ply element (262) that is formed in a cylindrical shape, as shown in Drawing 22, and that is roughly as long as the width 
of the image created on the surface of the photosensitive member (1 0), a tank (264) that stores the pre-wet liquid (220), 
a pump (266) that draws up the pre-wet liquid (220) that is stored in the tank (264), a tube 268 that carries the pre-wet 
liquid (220) that is drawn up by the pump (266) to the pre-wet liquid supply element (262), a guide (270), and a trap 
(272). 

15 [0127] The pre-wet liquid supply element (262) is rotated in the opposite direction to the direction of rotation of the 
photosensitive member (10) by a drive roller (not illustrated in the drawing). Experiments performed by the inventors et 
al. showed that good results can be obtained during formation of the thin layer of pre-wet liquid (220) on the photosen- 
sitive member (1 0) if the pre-wet liquid supply element (262) rotates at roughly the same speed as the photosensitive 
member (10). In addition, position changing apparatus (not illustrated) prevents free changes to the position of the pre- 

20 wet liquid supply element (262) by, normally, maintaining the separated position from the photosensitive member (10). 
The pre-wet liquid supply element is brought into contact with the photosensitive member (10), as shown in Drawing 21 , 
only during pre-wetting. A continuously porous sponge that has a three-dimensional mesh structure in which the pores 
are continuous is used as the pre-wet liquid supply element (262). The amount of pre-wet liquid that can be retained by 
the continuously porous sponge is limited to the capacity of the pores, and the retained pre-wet liquid is released by 

25 applying pressure to change the capacity of the pores. In this embodiment, the average pore diameter is 1 00 to 800 ujti, 
the hardness is 20 to 50 degrees, and the sponge is pushed against the photosensitive member at a pressure of 200 
to 1 ,000 g/cm 2 . The guide (270) is disposed such that it covers part of the pre-wet liquid supply element (262) in the 
vicinity of the pre-wet liquid release edge (268a) of tube 268. The pre-wet liquid (220) accumulates in the space (270a) 
formed between the guide (270) and the pre-wet liquid supply element (262), then is absorbed by the pre-wet liquid sup- 

30 ply element (262). A liquid receptor (272) is disposed at the lower side of the pre-wet liquid supply element (262) and 
returns excess pre-wet liquid (220) released from the pre-wet liquid supply element (262) to the tank (264). 
[0128] When pre-wetting starts, the pre-wet apparatus (20) rotates the pre-wet liquid supply element (262) in the 
opposite direction to the direction of rotation of the photosensitive body (1 0) and, at the same time, brings the pre-wet 
liquid supply element into contact with the photosensitive member (1 0). At that time, the pre-wet liquid (220) that is held 

35 by the pre-wet liquid supply element (262) is released from the leading edge (262a) of the contact between the photo- 
sensitive member (1 0) and the pre-wet liquid supply element (262), due to the elastic deformation produced in the pre- 
wet liquid supply element (262), and is applied to the photosensitive member (10) at a uniform thickness from the nip 
width (262b) formed between the photosensitive member (10) and the pre-wet liquid supply element (262). Excess pre- 
wet liquid (262) that has been supplied to the photosensitive member (1 0) is returned to the tank (264) via the liquid 

40 receptor (272) and is absorbed again in the pre-wet liquid supply element (262) at the trailing edge (262c) of the contact 
between the photosensitive member (10) and the pre-wet liquid supply element (262). 

[0129] Alternatively, as in the pre-wet apparatus (25) shown in Drawing 23, the pre-wet liquid (220) may be supplied 
to the pre-wet liquid supply element (252) by means of the pre-wet liquid supply element (252) being disposed such that 
the lower part is soaked in the pre-wet liquid (220) that is stored in the tank (254). 
45 [0130] The continuously porous sponge material used as the pre-wet liquid supply element in the above embodi- 
ment has already been explained, but this invention is not restricted in this matter. The pre-wet liquid supply element 
may be formed from any liquid-permeable and liquid- retentive elastic material. In addition, the shape is not restricted to 
a plate shape or cylindrical shape and may be formed, for example, as an endless belt as shown in Drawings 24A and 
24B. 

so [0131] The use of three drive rollers (512a, 512b, and 512c) in the first embodiment to support the developing belt 
(510) and provide rotational drive has already been explained, but this invention is not restricted in this matter. One 
drive roller and a driven roller, for example, may be used for support and for providing the rotational drive. 
[0132] In addition, the use of a bellows pump (502) and a developing agent supply roller (506) in the first embodi- 
ment as the mechanism for supplying the liquid developing agent (508) to the developing belt (51 0) has already been 

55 explained, but this invention is not restricted in this matter. A double gear pump (524), for example, may be disposed 
such that it is immersed in the liquid developing agent (508) that is stored in the tank (522), as in the developing appa- 
ratus (51 ) shown in Drawing 25, and be used to draw up the liquid developing agent (508) that is stored in the tank (522) 
in order to supply the liquid developing agent to the developing belt (510). 
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[0133] Furthermore, the use of a regulatory roller (514a) in the first embodiment to regulate the thickness of and 
form a thin film of the liquid developing agent (508) that has been applied to the developing belt (51 0) has already been 
explained, but this invention is not restricted in this matter. A regulatory blade (542) formed from rubber or a rigid mate- 
rial, for example, may be used, as in the developing apparatus (52) shown in Drawing 26, to regulate the thickness of 

5 and form a thin film of the liquid developing agent (508) that has been applied to the developing belt (51 0). Experiments 
performed by the inventors et al. showed that a uniform thin film of developing agent can be formed by a design wherein 
the method of contact between the regulatory blade (542) and the developing belt (510) is such that the side surface of 
the regulatory blade touches the developing belt in the trailing direction and the front end of the regulatory blade (542) 
protrudes beyond the contact face of the regulatory blade and the developing belt. 

10 [0134] The developing apparatus in this embodiment may be the developing apparatus (53) shown in Drawing 27, 
that is, may be apparatus provided with a developing belt (51 0), formed as a seamless cylinder from an element in sheet 
form, as the developing agent supply member, a drive roller (526) that is disposed inside the developing belt (51 0) and 
that provides the rotational drive for the developing belt (51 0), a guide element (524) that is positioned on the opposite 
side to the position where the photosensitive member (1 0) is disposed and touches both ends of the drive roller (526) 

15 through the medium of the developing belt such that a space (536) is formed between the developing belt (510) and the 
drive roller (526) on the side where the developing belt (510) and the photosensitive member (10) touch, a bellows 
pump (522) that stores the liquid developing agent (508) and also supplies the liquid developing agent (508) to the 
developing belt (510) on the side where the developing belt (510) and the drive roller (526) touch, a regulatory roller 
(532) that regulates the thickness of the layer of liquid developing agent (508) that is supplied to the developing belt 

20 (510), and a scraper blade (534) that scrapes off the liquid developing agent (508) that adheres to the developing belt 
(510). 

[0135] The developing belt (51 0) is roughly the same length as the photosensitive member (10) and is formed from 
a conductive and flexible sheet element. The materials that may be used for the developing belt (510) include polycar- 
bonate, polyamide resin, fluoropolymers, polyimide, and urethane rubber, with the addition of fine metal powder or other 

25 conductive particles. Alternatively, a material that has had a conductive process applied to its surface, a material such 
as nickel, aluminium, or stainless steel at thicknesses of 50 urn or less, or a conductive material with an electric resist- 
ance value of 1 0 6 fltcm or less may be used. As shown in Drawing 27, the developing belt (51 0) abuts the photosensitive 
member (10) such that a bend is produced at the developing space. The developing belt rotates in the opposite direction 
to the direction of rotation of the photosensitive member (1 0) and thereby carries the liquid developing agent (508), that 

30 has been supplied from the bellows pump (522), to the surface of the photosensitive member (10). The contact force 
when the developing belt (51 0) comes into contact with the photosensitive member (1 0), as shown in Drawings 28A and 
28B, is regulated by exchanging the pressure-limiting rollers (527), that are disposed on both ends of the central axle 
(526b) of the drive roller (526), with pressure-limiting rollers of different diameters. 

[0136] The drive roller (526) is formed such that the external diameter is smaller than the inside diameter of the 
35 developing belt (51 0) and such that, when the developing belt (51 0) is made eccentric by the side of the photosensitive 
member (10), a space (536) is formed. A conductive rubber roller that has a low electric resistance value that allows 
application of a developing bias is used as the drive roller. Note that sprockets (526a) are provided at both ends of the 
drive roller. The sprockets engage with the perforations (510a) provided on both ends of the developing belt, as shown 
in Drawing 7, to provide an even rotational drive to the developing belt (51 0). 
40 [0137] The guide element (524) is coated with a compound that provides good non-stick properties, such as a 
tetrafluoroethylene (Teflon (registered trademark)), on the surface that touches the developing belt (510) in order to 
make the coefficient of dynamic friction between the developing belt (510) and the guide element (524) smaller than the 
coefficient of dynamic friction between the developing belt (51 0) and the drive roller (526). 

[0138] Regulatory roller (532) is disposed such that it abuts the developing belt (510) and rotates in the opposite 
45 direction to the direction of rotation of the developing belt (51 0). Experiments performed by the inventors et al. showed 
that good results can be obtained for the formation of a thin layer of liquid developing agent (508) on the developing belt 
(510) if the regulatory roller (532) rotates about twice as fast as the developing belt (510) rotation speed. Note that a 
flexible material, such as rubber or sponge, is used for the regulatory roller (532). 

[0139] Thus, a developing belt (510) formed from a conductive thin-membrane material is used as the developing 
so agent bearing member, and the guide element (524) brings the developing belt (51 0) into contact with the photosensi- 
tive member (10) such that a space (536) is formed between the developing belt (510) and the drive roller (526) on, at 
least, the side of the developing belt (510) that faces the photosensitive member (10). This produces a bend in the 
developing belt (51 0) and allows formation of minute gap d between the surface where the electrostatic latent image is 
formed on the photosensitive member (10) and the developing belt (510). 
55 [0140] In developing apparatus (53), a developing belt (510) formed from a conductive flexible sheet material 
formed in a cylindrical shape is used as the developing agent bearing member, and the guide element (524) brings the 
developing belt (510) into contact with the photosensitive member (1 0) such that a space (536) is formed between the 
developing belt (510) and the drive roller (526) on, at least, the side of the developing belt (51 0) that faces the photo- 
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sensitive member (1 0). This produces a bend in the developing belt (510), and this bend allows the contact pressure to 
be distributed when the developing agent layer formed on the developing belt (510) and the pre-wet liquid layer formed 
on the photosensitive member (10) touch. Consequently, the two-layer structure of the developing agent layer and the 
pre-wet liquid layer can be maintained while the two layers are in contact during the development process. Moreover, 
5 the two layers can be separated at a point within the pre-wet liquid layer at the end of the developing process and dis- 
turbance of the pre-wet liquid layer can be prevented. As a result, the adherence of toner to the non-image parts on the 
image bearing member can be prevented and clean images can be produced. 

[0141] The drive roller (526) that provides the rotational drive for the developing belt (510) is disposed inside the 
developing belt (51 0). This is a simpler construction than that seen in electrostatic latent image liquid developing appa- 
w ratus in related art and makes it easier to reduce the size of the apparatus. 

[0142] In this embodiment, perforations (51 Oa) are provided in both ends of the developing belt (51 0), and sprock- 
ets (526a) that engage the perforations (51 Oa) are provided at both ends of the drive roller (526). As a result, the devel- 
oping belt (510) can be rotated evenly. 

[0143] In this embodiment, the contact force of the developing belt (510) against the photosensitive member (10) is 
15 regulated by means of the pressure-limiting rollers (527). Thus, when the developing agent layer formed on the devel- 
oping agent bearing member and the pre-wet liquid layer formed on the image bearing member touch, the contact force 
can be easily controlled to provide the optimum force. 

[0144] In this embodiment, a low impedance circuit is formed between the developing belt (51 0) and the photosen- 
sitive member (1 0), which facilitates the migration of the toner from the developing belt (51 0) to the photosensitive mem- 
20 ber(10). 

[0145] The perforations (510a) provided in both ends of the developing belt (510) and the sprockets (526a) that 
engage the perforations (51 Ob) [Translator's note: should this be (51 Oa)?] and that are provided at both ends of the drive 
roller (526) in the above developing agent supply apparatus have already been described but, instead of these perfora- 
tions and sockets, a drive roller provided with grooves in a chequered pattern or protuberances on the surface may be 

25 used. This provision also enables the developing belt (510) to be rotated evenly. 

[0146] Furthermore, as in the developing apparatus (54) shown in Drawing 29, a regulatory blade (544) formed 
from a material such as chlorosilicon rubber orfluororubber may be used to regulate the thickness of the layer and to 
form a thin film of the liquid developing agent (508) applied to the developing belt (51 0). Experiments performed by the 
inventors et al. showed that a uniform thin film of developing agent can be formed by a design wherein the method of 

30 contact between the regulatory blade (544) and the developing belt (51 0) is such that the side surface of the regulatory 
blade touches the developing belt in the trailing direction and the front end of the regulatory blade (544) protrudes 
beyond the contact face of the regulatory blade and the developing belt. Note that a rubber hardness of 70 degrees was 
used for the regulatory blade (544). 

[0147] The developing apparatus of this embodiment may be the apparatus shown in Drawing 30 wherein a devel- 
35 oping roller is used instead of a developing belt. In Drawing 30 shows provision of a tank (552) that stores the liquid 
developing agent (508), a double gear pump (554) that is disposed such that it is immersed in the liquid developing 
agent (508) in the tank (552), a developing roller (556) which is the developing agent bearing member and that is dis- 
posed above the double gear pump, a regulatory roller (560) that is formed from an elastic element and that regulates 
the thickness of the layer of liquid developing agent (508), and a scraper blade (562). 
40 [0148] The double gear pump (554) draws up the liquid developing agent (508) that is stored in the tank (552) and 
supplies the liquid developing agent to the developing roller (556). The developing roller (556) is roughly as long as the 
width of the image created on the photosensitive member (10) and rotates in the opposite direction to the direction of 
rotation of the photosensitive member (1 0), thereby carrying the liquid developing agent (508), supplied by the double 
gear pump (554), to the surface of the photosensitive member (10). A clearance gap maintenance element (556a) 
45 formed as a long narrow strip of Mylar or polyimide is wound around both ends of the developing roller (556), as shown 
in Drawing 31 , and the developing roller (556) is disposed such that the clearance gap maintenance element abuts both 
ends of the photosensitive member (10). As a result, developing gap d is formed between the developing roller (556) 
and the photosensitive member (10). Note that a metal is used for the developing roller (556) so that a developing bias 
can be applied. 

so [0149] The regulatory roller (560) is disposed such that it pushes against the developing roller (556) and rotates in 
the opposite direction to the direction of rotation of the developing roller (556). Experiments performed by the inventors 
et al. showed that good results can be obtained for the formation of a thin layer of liquid developing agent (508) on the 
developing roller (556) if the regulatory roller (560) rotates about twice as fast as the developing roller (556) rotation 
speed. The scraper blade (562) scrapes off the liquid developing agent (508) that has adhered to the developing roller 

55 (556). 

[0150] The liquid developing agent (508) that is stored in the tank (552) is drawn up by the double gear pump (554) 
and supplied to the developing roller (556), as shown in Drawing 30. Then, the regulatory roller (560) adjusts the thick- 
ness of the film to form a thin film on the developing roller (556). The layer of liquid developing agent that has been 
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formed in this way on the developing roller (556) is brought adjacent to the photosensitive member (1 0) and touches the 
pre-wet liquid layer that has been formed on the photosensitive member (10). This allows the electromagnetic force to 
move the charged toner to the electrostatic latent image that has been formed on the surface of the photosensitive 
member (10). The liquid developing agent (508) remaining on the developing roller (556) is scraped off by the scraper 
5 blade (562) and returned to the tank (552). 

[0151] The clearance gap maintenance element (556a) wound around both ends of the developing roller (556) in 
this embodiment results in the formation of the developing gap d between the photosensitive member (10) and the 
developing roller (556) and simplifies the maintenance of a fixed distance between the photosensitive member (10) and 
the developing roller (556). 

io [0152] A bellows pump may be used as the mechanism for supplying the liquid developing agent (508) to the devel- 
oping roller (556). In addition, use of a metal for the developing roller (556) has already been explained but, as long as 
the surface, at least, is conductive, any material can be used for the developing roller (556). 

[0153] As in the developing apparatus (56) shown in Drawing 32, a regulatory blade (564) formed from rubber or a 
rigid substance may be used to regulate the thickness of and form a thin film of the liquid developing agent (508) applied 

15 to the developing roller (556). Experiments performed by the Inventors et al. showed that a uniform thin film of develop- 
ing agent can be formed by a design wherein the method of contact between the regulatory blade (564) and the devel- 
oping roller (556) is such that the side surface of the regulatory blade touches the developing roller in the trailing 
direction and the front end of the regulatory blade (564) protrudes beyond the contact face of the regulatory blade (564) 
and the developing roller (556). 

20 [0154] As shown in Drawing 33, the developing gap d between the photosensitive member (10) and the developing 
roller (556) may be formed by winding the clearance gap maintenance element (102a) around both ends of the photo- 
sensitive member (1 0) and disposing the developing roller (556) such that both ends abut the clearance gap mainte- 
nance element. Use of a clearance gap maintenance element formed from a long narrow strip of Mylar or polyimide has 
already been explained, but the clearance gap maintenance element may also be formed by applying a coating of 

25 Teflon, shaped as a long narrow strip, on both ends of either the photosensitive member (10) or the developing roller 
(556). 

[0155] Drawing 34 explains the format of a different developing agent supply apparatus that can be used in this 
embodiment. Drawing 34 shows a format in which the elements of the liquid developing apparatus are in a different 
sequence and in which the photosensitive member is a drum. The developing apparatus (57) in Drawing 34 is provided 

30 with a developing agent bearing member in the form of a developing belt (510), drive rollers (512a, 512b, and 512c) 
which provide the rotational drive for the developing belt (51 0) and, at the same time, support the developing belt (51 0) 
such that part of the developing belt comes into contact with the photosensitive member (10), an application roller (506) 
that applies the liquid developing agent (508) to the developing belt (51 0), a tank (582) which stores the liquid develop- 
ing agent (508), a release roller (582a) that is disposed at the release aperture of the tank (582) and that releases the 

35 liquid developing agent (508) stored in the tank (582), a supply roller (584) that supplies the liquid developing agent 
(508) released by the release roller (582a) to the application roller (506), a regulatory mechanism (not illustrated in the 
drawing) such as a blade or roller that regulates the thickness of the layer of liquid developing agent (508) that has been 
applied to the developing belt (510), and a scraper blade (not illustrated) that scrapes off the liquid developing agent 
(508) adhering to the developing belt (51 0) after the developing process. 

40 [0156] The supply roller (584) rotates in the opposite direction to the direction of rotation of the application roller 
(506) and, thereby, carries the liquid developing agent (508) that is released by the release roller (582a) to the surface 
of the application roller (506). The application roller (506) rotates in the opposite direction to the direction of rotation of 
the developing belt (51 0) and, thereby, applies the liquid developing agent (508) that is supplied by the supply roller 
(584) to the surface of the developing belt (510). The use of rollers, the supply roller (584) and the application roller 

45 (506), is an effective means of supplying the liquid developing agent (508) to the developing belt (51 0) because a liquid 
developing agent (508) in which the toner is dispersed at a high concentration is used and, therefore, large quantities 
of developing agent are not required. Therefore, rollers can provide an even application of the developing agent to the 
surface of the developing belt (510). Note that one or more carrier rollers may also be provided between the supply 
roller (584) and the application roller (506) to carry the liquid developing agent (508). 

so [0157] The developing belt (510) is rotated by the drive rollers (512a, 512b, and 512c) in the opposite direction to 
the direction of rotation of the photosensitive member (10) and thereby carries to the surface of the photosensitive 
member (1 0) the liquid developing agent (508) that was applied to the developing belt by the application roller (506). A 
flexible material is used for the developing belt (510), which may be, for example, a seamless nickel belt or a polyimide 
or other resin belt. The flexibility of the developing belt allows the contact pressure to be distributed when the developing 

55 agent layer formed on the developing belt (51 0) and the pre-wet liquid layer formed on the photosensitive member (1 0) 
are brought into contact. As a result, the two-layer structure of the developing agent layer formed on the developing belt 
(510) and the pre-wet liquid layer formed on the photosensitive member (1 0) is maintained when the layers are brought 
into contact, and the two layers can be separated at a point within the pre-wet liquid layer. Note that the nature of the 
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developing belt (510) must allow application of a developing bias. Accordingly, if a resin belt is used, minute conductive 
panicles must be added to lower the electric resistance value or a conductive process must be applied to the surface 
of the belt. If the belt itself is conductive, rubber rollers with low electric resistance can be used as the drive rollers 
(512a, 512b, and 512c) to allow application of the developing bias. Alternatively, if a conductive process has been 
5 applied to the surface of the belt, a conductor is disposed such that it touches the surface of the belt and the developing 
bias is applied to the conductor. 

[0158] There is no essential difference between pre-wetting before the charge from the corona is applied and, as 
shown in Drawing 34, pre-wetting after the charging from the corona, image exposure, and formation of the latent 
image. 

10 [0159] Note that the transfer apparatus may use rubber rollers to which minute conductive particles have been 
added, to give a low electric resistance value, as the drive rollers that give the rotational drive to the transfer belt and 
the bias voltage may be applied to these drive rollers in order to apply the bias voltage to the transfer belt and transfer 
the toner image to the paper. Alternatively, as shown in Drawing 35, a conductive sponge roller (607) may be pressed 
against the back of the transfer belt (602) at the transfer point between the photosensitive member (1 0) and the transfer 

is belt (602) to achieve a suitable pressure and, at the same time, a bias voltage may be applied to the sponge roller (607) 
in order to apply the bias voltage to the transfer belt (602) and transfer the toner image to the paper. 
[0160] Alternatively, the transfer member may be formed from a material that has moderate elasticity such that the 
transfer member presses with moderate pressure. 

[0161 ] Drawing 36 shows an overview of the structure of the liquid developing apparatus that is the second embod- 
20 iment of this invention. Note that the elements of the electrostatic latent image liquid developing apparatus shown in 
Drawing 36 that have the same function as elements in the first embodiment are given the same or corresponding code 
numbers, and detailed explanations are not given for these elements. 

[0162] The differences between the second embodiment of this invention, liquid developing apparatus 2, and the 
first embodiment are, as shown in Drawing 36, the use of a photosensitive belt (12) as the image bearing member 
25 instead of photosensitive member 10, the support and rotational drive provided by the drive rollers (122a, 122b, and 
122c) for the photosensitive belt, use of developing apparatus 1052 instead of developing apparatus 57, and use of 
transfer apparatus 64 instead of transfer apparatus 60. 

[0163] A flexible element such as a seamless nickel belt, resin belt, or polyimide film belt is used as the base mate- 
rial for the photosensitive belt (1 2). This allows distribution of the contact pressure when the toner image formed on the 

30 developing belt (1 2) and the paper touch. 

[0164] The difference between the developing apparatus (1052) of the second embodiment and the developing 
apparatus (57) of the first embodiment is that a developing roller (520) is used as the developing agent bearing member 
instead of a developing belt (510). The developing roller (520) rotates in the opposite direction to the direction of rotation 
of the photosensitive belt (12) and thereby carries to the surface of the photosensitive member (10) [Translators note: 

35 probably should be "photosensitive belt (12)"] the liquid developing agent (508) that was applied to the developing belt 
by the application roller (506). A conductive (10 4 to 10 11 cm) element such as a conductive rubber roller is used for the 
developing roller (520) so that a developing bias can be applied. 

[0165] The differences between the transfer apparatus (64) of the second embodiment and the transfer apparatus 
(60) of the first embodiment are that a transfer roller (642) is used as the transfer member instead of a transfer belt 
40 (602), and that a power supply unit (not illustrated) that applies a bias voltage to the transfer roller (642) is provided 
instead of the corona discharge device (606) that applies to the transfer belt (602) a charge of opposite voltage to the 
toner. 

[0166] The transfer roller (642) rotates in the opposite direction to the direction of rotation of the photosensitive belt 
(12). As a result, the paper carried by the paper feed apparatus (610) is fed between the photosensitive belt (12) and 

45 the transfer roller (642). A conductive element, such as a metal, is used for the transfer roller (642) so that a bias voltage 
can be applied. A value from 10 4 to 10 11 cm is desirable as the electric resistance value of the transfer roller (642). 
Since the resistance value of the paper varies greatly (10 9 to 10 13 cm) in accordance with the paper type and the 
humidity, if the electric resistance value of the transfer roller is 10 4 cm or less, the change in the resistance value of the 
paper inappropriately affects the transfer to the paper of the toner image formed on the photosensitive belt (12). If the 

so electric resistance value is 10 11 cm or higher the electrostatic force between the transfer roller (642) and the toner 
image formed on the photosensitive belt (1 2) becomes too weak, and insufficient toner is transferred to the paper. 
[0167] A fluorine coating is applied to the surface of the transfer roller (642). This prevents the transfer roller (642) 
from becoming dirty because it improves the transfer roller's release properties in relation to the toner and makes it eas- 
ier for the scraper blade (608) to scrape off the toner adhering to the transfer roller (642). 

55 [0168] The transfer apparatus (64) with the above structure transfers the image formed on the photosensitive belt 
(12) to the paper that has been carried by the paper feed apparatus (610) and fed between the photosensitive belt (12) 
and the transfer roller (642). The electrostatic force generated between the toner image that has been formed on the 
photosensitive belt (12) and the transfer roller (642), to which the power supply unit has applied a developing bias, 
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makes the toner migrate to the paper. Note that the other operations of the second embodiment of the electrostatic 
latent image liquid developing apparatus are the same as in the first embodiment and, therefore, details of these oper- 
ations are not explained. 

[0169] In the second embodiment of this invention, a photosensitive belt (12) formed from a flexible element is used 

5 as the image bearing member, resulting in soft contact between the photosensitive belt (12) and the developing roller 
(520) and formation of a suitable minute gap d. The use of a flexible element also allows distribution of the contact pres- 
sure when the toner image formed on the latent image on the photosensitive belt (12) and the paper that is the record- 
ing medium touch. Thus, as with the first embodiment, toner image inaccuracies are prevented and the toner image can 
be transferred to the paper without the image spreading. Other results are the same as for the first embodiment. 

w [0170] In the second embodiment of this invention, a photosensitive belt (12) formed from a flexible element is used 
as the image bearing member and the developing roller (520) is used as the developing agent bearing member. There- 
fore, as shown in Drawing 36, the contact angle ^ when the developing agent layer formed on the developing roller 
(520) and the pre-wet liquid layer formed on the photosensitive belt (12) touch and the separation angle <j> 2 when they 
separate can be made smaller than in the apparatus in related art. As a result the various preconditions for obtaining 

15 good images in the first embodiment, such as the characteristics of the liquid developing agent, become less critical. 
[0171] The developing apparatus in the second embodiment, like the developing apparatus (1054) shown in Draw- 
ing 37, is provided with a bellows pump (592) that both stores and discharges the liquid developing agent (508), a trap 
(594) that stores the liquid developing agent (508) discharged by the bellows pump (592), a developing roller (520) that 
is the developing agent bearing member and that is disposed such that the top part is brought into contact with the pho- 

20 tosensitive belt (1 2) and the bottom part is soaked in the liquid developing agent (508) that is stored in the trap (594), a 
regulatory roller (598) that regulates the thickness of the layer of liquid developing agent (508) applied to the developing 
roller (520), and a scraper blade (599) that scrapes off the liquid developing agent (508) that has been applied to the 
developing roller (520). The developing roller (520) is formed from a conductive element such that a developing bias 
can be applied and, as shown in Drawing 37, rotates in the driven direction in relation to the photosensitive belt (12), 

25 that is, in the driven direction in relation to the drive rollers (122a and 122b). The regulatory roller (598) is formed from 
an elastic element, is disposed such that it pushes against the developing roller (520), and rotates in the driven direction 
in relation to the developing roller (520). 

[0172] A shown in Drawing 37, the photosensitive belt (512) may be driven by two drive rollers (122a and 122b) 
instead of the three drive rollers shown in Drawing 36. Alternatively, as long as there is at least one roller that drives the 

30 photosensitive belt (12), other rollers can be driven rollers. 

[0173] The developing apparatus (1054) with the above structure draws up the liquid developing agent (508), that 
has been discharged by the bellows pump (592) and is stored in the trap (594), by means of the developing roller (520), 
regulates the thickness of and forms a thin film of the developing agent by means of the regulatory roller (598), and then 
supplies the developing agent to the photosensitive belt (1 2). Drawing 38 shows another developing apparatus that can 

35 be used in the above embodiment. In this apparatus, a double gear pump (595) that is disposed such that it is immersed 
in the liquid developing agent (508) in the tank (593) is used to draw up the liquid developing agent (508) stored in the 
tank (593) and thereby supplies the developing agent to the developing roller (520). 

[0174] Further, as shown in Drawing 39, a regulatory blade (597) formed from rubber or a rigid material may be 
used to regulate the thickness of and form a thin film of the liquid developing agent (508) that has been applied to the 
40 developing roller (520). 

[0175] Drawing 40 explains the use of the liquid developing agent supply apparatus (50) of the first embodiment in 
relation to the photosensitive belt (12). 

[0176] Use of a photosensitive belt (1 2) formed from a flexible element as the image bearing member and, in addi- 
tion, use of a developing belt (510) formed from a flexible element as the developing agent bearing member makes it 
45 easy to guarantee a suitable gap d between the photosensitive belt (1 2) and the developing belt (51 0) and to obtain the 
same results as those obtainable from the first embodiment. 

[0177] Drawing 41 explains an apparatus in which a developing belt (510) is used with a photosensitive belt (12) 
that is supported by three rollers (122a, 122b, and 122c), which may be drive rollers or driven rollers and, instead of the 
transfer roller (642), a transfer belt (602) is used. The transfer belt is supported by three rollers (604a, 604b, and 604c) 

so that are the same as those explained in Drawings 9 and 34. 

[0178] Use of a photosensitive belt (1 2) formed from a flexible element as the image bearing member and, in addi- 
tion, use of a transfer belt (602) formed from a flexible element as the transfer member allows distribution of the contact 
pressure when the toner image formed on the latent image on the photosensitive belt (12) and the paper that is the 
recording medium touch. Thus, the toner image can be transferred to the paper favourably without the image spreading. 

55 [0179] For these embodiments, apparatus that uses an organic photosensitive member as the image bearing mem- 
ber has been explained, but this invention is not restricted in this matter. The image bearing member may be any of the 
photosensitive members used with the Carlson method, may be the type of member used with ionographic or similar 
methods in which an insulating layer is formed on a conductive body that forms the electrostatic latent image directly, 
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or may be the type of electrostatic recording paper used with electrostatic plotters. 

[0180] When this invention is implemented as explained above, the two-layer structure of the developing agent layer 
and the pre -wet liquid layer is maintained while the two layers are in contact during the development process. Moreover, 
the two layers can be separated at a point within the pre -wet liquid layer at the end of the developing process and the 

5 occurrence of inaccuracies in the developing agent layer can be prevented. As a result, the adherence of toner to the 
non-image parts on the image bearing member can be prevented and clean images can be produced. In addition, dur- 
ing developing, the use of a thin film of highly viscous liquid developing agent that has the toner dispersed at a high- 
concentration enables high-resolution copies to be obtained and facilitates reductions on the size of the apparatus. Fur- 
thermore, this invention can provide an environmentally friendly electrostatic latent image liquid developing method and 

10 apparatus. 

Industrial Field of Utilisation 

[0181 ] As described above, the liquid developing method and liquid developing apparatus of this invention allows a 
15 highly concentrated liquid developing agent to be used in reduced-size apparatus to develop electrostatic latent images 
and allows high -resolution copies to be obtained. 

Claims 

20 1 . A method of developing an electrostatic latent image formed on the surface of an image bearing member, including 
the step of bringing a liquid developing agent into contact with the electrostatic latent image on the surface of an 
image bearing member; 
characterised by, 

25 forming a film of p re-wet liquid on the surface of the image bearing member, 

forming a 5 to 40 ujtj film of the liquid developing agent on the surface of a development agent bearing mem- 
ber, and 

bringing the developing agent bearing member adjacent to the image bearing member to bring the liquid devel- 
oping agent into contact with the electrostatic latent image, wherein the liquid developing agent has a viscosity 
30 of 100 to 10,000 mPa.s. 

2. The method of claim 1 wherein the pre-wet liquid is a chemically inert dielectric liquid that has good release prop- 
erties. 

35 3. The method of claim 1 wherein either one of or both the image bearing member and the developing agent bearing 
member is formed from a flexible element. 

4. The method of claim 1 wherein a gap is disposed between the surface of the image bearing member and the sur- 
face of the developing agent bearing member, with the width of the gap being greater than the thickness of the film 

40 of liquid developing agent but smaller than the sum of the thicknesses of the pre-wet liquid film and the liquid devel- 
oping agent film. 

5. The method of claim 1 wherein the thickness of the film of pre-wet liquid is 30 u.m or less. 
45 6. The method of claim 4 wherein the width of the gap is from 5 to 60 urn. 

7. The method of claim 1 wherein the liquid developing agent comprises the toner and a dielectric liquid and the vis- 
cosity of the dielectric liquid is from 0.5 to 1 ,000 mPa.s, its electric resistance is 1 0 12 cm or more, its surface tension 
is 21 dyn/cm or less, and its boiling point is 1 00°C or more. 

50 

8. The method of claim 7 wherein the dielectric liquid is silicone fluid. 

9. The method of claim 1 wherein the liquid developing agent contains toner particles with an average particle diam- 
eter from 0. 1 to 5.0 u,m at a concentration from 5 to 40%. 

55 

10. The method of claim 2 wherein the viscosity of the pre-wet liquid is from 0.5 to 5.0 mPa.s, its electric resistance is 
10 12 cm or more, its surface tension is 21 dyn/cm or less, and its boiling point is from 100° or 250°. 
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11. The method of claim 10 wherein the pre-wet liquid is silicone fluid. 

12. The method of claim 4 wherein tension of a flexible bearing member is adjusted such that the gap is maintained 
between the surfaces of the image bearing member and the developing agent bearing member. 

5 

13. The method of claim 1 wherein a pre-wet liquid supply element formed from a liquid-permeable and liquid-retentive 
element is impregnated by the pre-wet liquid and a film of pre-wet liquid of the mentioned thickness is formed on 
the surface of the image bearing member by means of the pre-wet liquid supply element being brought into contact 
with the image bearing member. 

w 

14. The method of claim 13 wherein a part of the pre-wet liquid supply element is soaked in the pre-wet liquid and 
impregnated with the pre-wet liquid. 

15. The method of claim 14 wherein the pre-wet liquid supply element is formed from a continuously porous sponge 
15 that has a three-dimensional mesh structure in which the pores are three-dimensionally continuous. 

16. The method of claim 15 wherein the pre-wet liquid supply element is formed in an elastic cylindrical shape and 
forms the pre-wet liquid film on the surface of the image bearing member by means of being made to rotate in 
accord with the direction of movement of the image bearing member. 

20 

17. The method of claim 14 wherein the pre-wet liquid supply element is formed as a plate shape and the pre-wet liquid 
flows from one edge to the other edge and the side is brought into contact with the image bearing member. 

1 8. The method of claim 1 4 wherein the pre-wet liquid supply element is formed as a plate shape and the pre-wet liquid 
25 is supplied from one edge and the other edge is brought into contact with the image bearing member. 

19. The method of claim 1 wherein a recording medium disposed on a transfer member provides a transfer process 
that transfers the toner image that is developed from the electrostatic latent image to the recording medium, 
wherein either one of or both the transfer member and the image bearing member is flexible, and wherein tension 

30 is adjusted on the flexible bearing member such that a suitable contact force is maintained between the surfaces of 
the image bearing member and the transfer member. 

20. A liquid developing apparatus of a type in which a liquid developing agent on the surface of a developing agent 
bearing member is used to develop an electrostatic latent image formed on the surface of an image bearing mem- 

35 ber, the apparatus including, 

an image bearing member that has a surface on which an electrostatic latent image can be formed and that 
moves in one direction, 

a developing agent bearing member that carries liquid developing agent on its surface and that moves in 
40 accord with the image bearing member, and 

a developing agent supply mechanism, 
characterised by, 

the developing agent supply mechanism adapted to form a 5 to 40 u.m film of the liquid developing agent on 
the surface of the development agent bearing member, and 
45 a pre-wet apparatus adapted to form a film of pre-wet liquid on the surface of the image bearing member, 

wherein the liquid developing agent has a viscosity of 1 00 to 1 0,000 mPa.s, and the liquid developing agent is 
supplied to the surface of the electrostatic latent image by means of the developing agent bearing member 
being brought adjacent to the image bearing member. 

so 21. The liquid developing apparatus of claim 20 wherein the pre-wet liquid is a chemically inert dielectric liquid that has 
good release properties. 

22. The liquid developing apparatus of claim 20 wherein either one of or both the image bearing member and the devel- 
oping agent bearing member is formed from a flexible element. 

55 

23. The liquid developing apparatus of claim 20 wherein a gap is disposed between the surface of the image bearing 
member and the surface of the developing agent bearing member, and wherein the gap is greater than the thick- 
ness of the film of liquid developing agent but smaller than the sum of the thicknesses of the pre-wet liquid film and 
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the liquid developing agent film. 

24. The liquid developing apparatus of claim 20 wherein the image bearing member is a drum with a surface formed 
from photosensitive material, that the development agent bearing member is a flexible continuous belt with an 
5 external surface that can carry liquid developing agent, and has at least one drive roller that moves the belt in 

accord with the image bearing member, and that the gap between the surfaces of the developing agent bearing 
member and the image bearing member is maintained by means of adjusting the tension of the belt of the devel- 
oping agent bearing member. 

10 25. The liquid developing apparatus of claim 24 wherein the developing agent bearing member belt is a seamless 
nickel belt. 

26. The liquid developing apparatus of claim 24 wherein the developing agent bearing member belt is a seamless belt 
that has minute conductive particles added. 

15 

27. The liquid developing apparatus of claim 24 wherein the developing agent bearing member belt is a seamless poly- 
imide film belt to which a conductive process has been applied. 

28. The liquid developing apparatus of claim 20 wherein the pre-wet mechanism is provided with a container that stores 
20 the pre-wet liquid and a pre-wet liquid supply element formed from a liquid-permeable and liquid-retentive material, 

the pre-wet liquid supply element is impregnated by the pre-wet liquid, and a film of the pre-wet liquid is formed on 
the surface of the image bearing member by means of the pre-wet liquid supply element being brought into contact 
with the image bearing member. 

25 29. The liquid developing apparatus of claim 28 wherein the material is formed from a continuously porous sponge that 
has a three-dimensional mesh structure in which the pores are three-dimensionaily continuous. 

30. The liquid developing apparatus of claim 28 wherein the pre-wet liquid supply element is an elastic cylindrical 
shape that abuts the image bearing member and rotates in accord with the direction of the movement of the image 

30 bearing member, and part of the pre-wet liquid supply element is soaked in and impregnated by the pre-wet liquid 
in the container then brought into contact with the image bearing member such that, during rotation, the pre-wet 
liquid impregnated in the pre-wet liquid supply element is applied to the surface of the image bearing member. 

31. The liquid developing apparatus of claim 28 wherein the pre-wet liquid supply element is formed as a plate shape, 
35 and wherein one edge of the pre-wet liquid supply element is brought into contact with the pre-wet liquid in the stor- 
age container, the pre-wet liquid is collected from the other edge, and the side is brought into contact with the image 
bearing member to apply pre-wet liquid to the surface of the image bearing member. 

32. The liquid developing apparatus of claim 28 wherein the pre-wet liquid supply element is formed as a plate shape 
40 and one edge is brought into contact with the pre-wet liquid in the storage container and the other edge is brought 

into contact with the image bearing member. 

33. The liquid developing apparatus of claim 20 wherein at least the surface of the developing agent bearing member 
is conductive. 

45 

34. The liquid developing apparatus of claim 20 wherein the image bearing member is a flexible continuous belt with 
an external surface on which electrostatic latent images can be formed and with at least one drive roller that rotates 
the belt in one direction, a roller that rotates the developing agent bearing member, on the surface of which liquid 
developing agent is applied, in accordance with the direction of rotation of the image bearing member, and wherein 

so the gap between the surfaces of the developing agent bearing member and the image bearing member is main- 
tained by means of adjusting the tension of the image bearing member belt. 

35. The liquid developing apparatus of claim 20 wherein the image bearing member is a drum with a photosensitive 
material on the surface, a roller that rotates the developing agent bearing member, on the surface of which liquid 

55 developing agent is applied, in accordance with the direction of rotation of the image bearing member, and a clear- 
ance gap maintenance element that maintains a gap between the surface of the image bearing member and the 
surface of the developing agent bearing member, and wherein the gap is greater than the thickness of the film of 
liquid developing agent but smaller than the sum of the thicknesses of the pre-wet liquid film and the liquid devet- 
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oping agent film. 

36. The liquid developing apparatus of claim 35 wherein the clearance gap maintenance element is disposed on the 
periphery of both edges of either the image bearing member or the developing agent bearing member and has a 

5 protuberance that is higher than the thickness of the film of liquid developing agent but lower than the sum of the 

thicknesses of the pre-wet liquid film and the liquid developing agent film. 

37. The liquid developing apparatus of claim 36 wherein the height of the protuberances are from 5 to 40 urn. 

io 38. The liquid developing apparatus of claim 36 wherein the protuberances are long narrow strip elements comprised 
of Mylar or polyimide wound around the periphery of both edges of either the image bearing member or the devel- 
oping agent bearing member. 

39. The liquid developing apparatus of claim 36 wherein the clearance gap maintenance element is a coating of 
75 tetrafluoroethylene compound shaped as a long narrow strip on the periphery of both ends of either the image 

bearing member or the developing agent bearing member. 

40. The liquid developing apparatus of claim 20 further including a recording medium disposed on a transfer member, 
whereby a transfer mechanism transfers the toner image to the recording medium disposed on the transfer mem- 

20 ber, wherein either one of or both the transfer member and the image bearing member is flexible, and further includ- 
ing a mechanism that adjusts the contact pressure of the image bearing member and the transfer member. 

41. The liquid developing apparatus of claim 20 wherein the liquid development agent comprises the toner and a die- 
lectric liquid and the viscosity of the dielectric liquid is from 0.5 to 1 ,000 mPa.s, its electric resistance is 1 0 12 cm or 

25 more, its surface tension is 21 dyn/cm or less, and its boiling point is 100°C or more. 

Patentansp ruche 

1. Verfahren zur Entwicklung eines auf der Oberflache eines Bild-tragenden Elements gebildeten elektrostatischen 
30 latenten Bildes, welches den Schritt des Inkontaktbringens eines flussigen Entwicklers mit dem elektrostatischen 

latenten Bild auf der Oberflache eines Bild-tragenden Elements beinhaitet; 
gekennzeichnet durch 

das Bilden eines Films aus Anfeuchtflussigkeit auf der Oberflache des Bild-tragenden Elements, 
35 das Bilden eines 5 bis 40 urn Films aus dem flussigen Entwickler auf der Oberflache eines Entwickler-tragen- 

den Elements, und 

das Aneinanderlegen des Entwickler-tragenden Elements und des Bild-tragenden Elements, urn den flussigen 
Entwickler mit dem elektrostatischen latenten Bild in Kontakt zu bringen, worin der flQssige Entwickler eine Vis- 
kositat von 1 00 bis 1 0000 mPa.s aufweist. 

40 

2. Verfahren nach Anspruch 1 , worin die Anfeuchtflussigkeit eine chemisch inerte dielektrische Flussigkeit ist, die 
gute Abloseeigenschaften besitzt. 

3. Verfahren nach Anspruch 1, worin das Bild-tragende Element und/oder das Entwickler-tragende Element aus 
45 einem biegsamen Element gebildet werden. 

4. Verfahren nach Anspruch 1 , worin sich zwischen der Oberflache des Bild-tragenden Elements und der Oberflache 
des Entwickler-tragenden Elements ein Spalt befindet, wobei die Breite des Spalts grdBer ist als die Dicke des 
Films aus flussigem Entwickler, jedoch kleiner als die Summe der Dicken des Films aus Anfeuchtflussigkeit und 

so des Films aus flussigem Entwickler. 

5. Verfahren nach Anspruch 1 , worin die Dicke des Films aus Anfeuchtflussigkeit 30 urn Oder weniger betragt. 

6. Verfahren nach Anspruch 4, worin die Breite des Spalts 5 bis 60 urn betragt. 

55 

7. Verfahren nach Anspruch 1 , worin der flQssige Entwickler den Toner und eine dielektrische Flussigkeit umfaBt und 
die Viskositat der dielektrischen Flussigkeit 0,5 bis 1000 mPa.s betragt ihr elektrischer Widerstand 10 12 cm oder 
mehr betragt, ihre Oberflachenspannung 21 dyn/cm oder weniger betragt, und ihr Siedepunkt 100°C oder mehr 
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betragt. 

8. Verfahren nach Anspruch 7, worin die dielektrische Flussigkeit Siliconbl ist. 

5 9. Verfahren nach Anspruch 1, worin der flussige Entwickler Tonerteilchen mit einem durchschnittlichen Teilchen- 
durchmesser von 0,1 bis 5,0 u,m in einer Konzentration von 5 bis 40% enthaft. 

10. Verfahren nach Anspruch 2, worin die Viskositat der Anfeuchtflussigkeit 0,5 bis 5,0 mPa.s betragt, ihr elektrischer 
Widerstand 10 12 cm odermehr betragt, ihre Oberflachenspannung21 dyn/cm oderweniger betragt, undihrSiede- 

w punkt 1 00 oder 250°C betragt. 

11. Verfahren nach Anspruch 10, worin die Anfeuchtflussigkeit Siliconol ist 

12. Verfahren nach Anspruch 4, worin die Spannung eines biegsamen tragenden Elements so eingestelit wird, daB der 
75 Spalt zwischen den Oberflachen des Bild-tragenden Elements und des Entwickler-tragenden Elements beibehal- 

ten wird. 

13. Verfahren nach Anspruch 1, worin ein Anfeuchtflussigkeits-Zufuhrelement, das aus einem flussigkeitsdurchlassi- 
gen und flussigkeits-speichernden Element gebildet wird, mit der Anfeuchtflussigkeit getrankt wird und ein Film aus 

20 Anfeuchtflussigkeit mit der genannten Dicke auf der Oberflache des Bild-tragenden Elements dadurch gebildet 
wird, daB das AnfeuchtflGssigkeits-Zufuhrelement mit dem Bild-tragenden Element in Kontakt gebracht wird. 

14. Verfahren nach Anspruch 13, worin ein Teil des Elements zur Zufuhr von Anfeuchtflussigkeit in der Anfeuchtflussig- 
keit eingeweicht und mit der AnfeuchtflQssigkeit getrankt wird. 

25 

15. Verfahren nach Anspruch 14, worin das Anfeuchtflussigkeits-Zufuhrelement aus einem durchgehend porosen 
Schwamm gebildet wird, welcher eine dreidimensionale Maschenstruktur aufweist, worin die Poren dreidimensio- 
nal durchgehend sind. 

30 16. Verfahren nach Anspruch 15, worin das Anfeuchtflussigkeits-Zufuhrelement eine elastische zylindrische Form hat 
und den Film aus Anfeuchtflussigkeit auf der Oberflache des Bild-tragenden Elements dadurch bildet, daB man es 
im Einklang mit der Bewegungsrichtung des Bild-tragenden Elements rotieren laBt. 

17. Verfahren nach Anspruch 14, worin das Anfeuchtflussigkeits-Zufuhrelement eine Plattenform hat und die Anfeucht- 
35 flussigkeit von einer Kante zur anderen Kante flieBt und die Seite mit dem Bild-tragenden Element in Kontakt 

gebracht wird. 

18. Verfahren nach Anspruch 14, worin das AnfeuchtflQssigkeits-Zufuhrelement eine Plattenform hat und die Anfeucht- 
flussigkeit von einer Kante aus zugefuhrt wird und die andere Kante mit dem Bild-tragenden Element in Kontakt 

40 gebracht wird. 

19. Verfahren nach Anspruch 1, worin ein auf einem Ubertragungselement befindliches Aufzeichnungsmedium ein 
Ubertragungsverfahren bereitstellt, welches das Tonerbild, das sich aus dem elektrostatischen latenten Bild ent- 
wickelt, auf das Aufzeichnungsmedium iibertragt, worin das Ubertragungselement und/oder das Bild-tragende Ele- 

45 ment biegsam sind und worin die Spannung auf dem biegsamen tragenden Element so eingestelit wird, daB eine 
geeignete Kontaktkraft zwischen den Oberflachen des Bild-tragenden Elements und des Ubertragungselements 
beibehalten wird. 

20. FlOssigentwicklungsapparat eines Typs, bei dem ein flQssiger Entwickler auf der Oberflache eines Entwickler-tra- 
50 genden Elements verwendet wird, urn ein auf der Oberflache eines Bild-tragenden Elements gebildetes elektrosta- 

tisches latentes Bild zu entwickeln, wobei der Apparat beinhaltet 

ein Bild-tragendes Element, welches eine Oberflache aufweist, auf der ein elektrostatisches latentes Bild gebil- 
det werden kann, und welches sich in eine Richtung bewegt, 
55 ein Entwickler-tragendes Element, welches flussigen Entwickler auf seiner Oberflache tragt und welches sich 

im Einklang mit dem Bild-tragenden Element bewegt, und 
einen Entwickler-Zufuhrmechanismus, 
dadurch gekennzeichnet, daB 
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der Entwickler-Zufuhrmechanismus daran angepaBt ist, einen 5 bis 40 u.m Film aus denn flOssigen Entwickler 
auf der Oberflache des Entwickler-tragenden Elements zu bilden, und 

eine Anfeucht-Vorrichtung, die daran angepaBt ist, einen Film aus AnfeuchtflOssigkeit auf der Oberflache des 
Bild-tragenden Elements zu bilden, 
s worin derflOssige Entwickler eine Viskositat von 100 bis 10000 mPa.s aufweist und derflOssige Entwickler der 

Oberflache des elektrostatischen latenten Bildes dadurch zugefuhrt wird, daB das Entwickler-tragende Ele- 
ment und das Bild-tragende Element aneinandergelegt werden. 

21. FlOssigentwicklungsapparat nach Anspruch 20, worin die AnfeuchtflCissigkeit eine chemisch inerte dielektrische 
10 FlOssigkeit ist, die gute Abloseeigenschaften besitzt. 

22. Flussigentwicklungsapparat nach Anspruch 20, worin das Bild-tragende Element und/oder das Entwickler-tra- 
gende Element aus einem biegsamen Element gebildet werden. 

is 23. Flussigentwicklungsapparat nach Anspruch 20, worin sich ein Spalt zwischen der Oberflache des Bild-tragenden 
Elements und der Oberflache des Entwickler-tragenden Elements befindet und worin der Spalt groBer ist als die 
Dicke des Films ausflussigem Entwickler, jedoch kleiner als die Summe der Dicken des Films aus AnfeuchtflOssig- 
keit und des Films aus flussigem Entwickler. 

20 24. Flussigentwicklungsapparat nach Anspruch 20, worin das Bild-tragende Element eine Trommel mit einer aus licht- 
empfindlichem Material gebildeten Oberflache ist, dadurch gekennzeichnet, daB das Entwickler-tragende Element 
ein biegsamer Endlosriemen mit einer AuBenoberflache, die flussigen Entwickler tragen kann, ist und mindestens 
eine Antriebswalze aufweist, die den Riemen im Einklang mit dem Bild-tragenden Element bewegt, und daB der 
Spalt zwischen den Oberflachen des Entwickler-tragenden Elements und des Bild-tragenden Elements dadurch 

25 beibehalten wird, daB man die Spannung des Riemens des Entwickler-tragenden Elements einstellt. 

25. FIDssigentwicklungsapparat nach Anspruch 24, worin der Riemen des Entwickler-tragenden Elements ein nahtlo- 
ser Nickelriemen ist. 



30 26. Flussigentwicklungsapparat nach Anspruch 24, worin der Riemen des Entwickler-tragenden Elements ein nahtlo- 
ser Riemen ist, dem winzige leitfahige Teilchen zugegeben wurden. 

27. Flussigentwicklungsapparat nach Anspruch 24, worin der Riemen des Entwickler-tragenden Elements ein nahtlo- 
ser Riemen aus Polyimidfolie ist, auf den ein leitfahiges Verfahren angewandt wurde. 

35 

28. FIDssigentwicklungsapparat nach Anspruch 20, worin der Anfeucht-Mechanismus mit einem Behalter, der die 
AnfeuchtflOssigkeit lagert, und einem aus einem flOssigkeitsdurchlassigen und flussigkeitsspeichernden Material 
gebildeten Anfeuchtflussigkeits-Zufuhrelement versehen wird, das AnfeuchtflOssigkeits-Zufuhrelement mit der 
AnfeuchtflCissigkeit getrankt wird und ein Film aus der AnfeuchtflOssigkeit dadurch auf der Oberflache des Bild-tra- 

40 genden Elements gebildet wird, daB das AnfeuchtflQssigkeits-Zufuhrelement mit dem Bild-tragenden Element in 
Kontakt gebracht wird. 

29. Flussigentwicklungsapparat nach Anspruch 28, worin das Material aus einem durchgehend porosen Schwamm 
gebildet wird, welcher eine dreidimensionale Maschenstruktur aufweist, worin die Poren dreidimensional durchge- 

45 hend sind. 

30. Flussigentwicklungsapparat nach Anspruch 28, worin das AnfeuchtflOssigkeits-Zufuhrelement eine elastische 
zylindrische Form hat, die an das Bild-tragende Element stoBt und im Einklang mit der Bewegungsrichtung des 
Bild-tragenden Elements rotiert, und ein Teil des Elements zur Zufuhrvon AnfeuchtflOssigkeit in der AnfeuchtflOs- 

50 sigkert in dem Behalter eingeweicht und damit getrankt wird, dann mit dem Bild-tragenden Element derart in Kon- 
takt gebracht wird, daB die in dem AnfeuchtflOssigkeits-Zufuhrelement getrankte AnfeuchtflOssigkeit wan rend der 
Rotation auf die Oberflache des Bild-tragenden Elements aufgebracht wind. 

31. Flussigentwicklungsapparat nach Anspruch 28, worin das Anfeuchtflussigkeits-Zufuhrelement eine Plattenform hat 
55 und worin eine Kante des Anfeuchtflussigkeits-Zufuhrelements mit der AnfeuchtflOssigkeit in dem Lagerbeh alter in 

Kontakt gebracht wird, die AnfeuchtflOssigkeit von der anderen Kante gesammelt wird und die Seite mit dem Bild- 
tragenden Element in Kontakt gebracht wird, urn AnfeuchtflOssigkeit auf die Oberflache des Bild-tragenden Ele- 
ments aufzubringen. 
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32. Flussigentwicklungsapparat nach Anspruch 28, worin das Anfeuchtflussigkeits-Zufuhrelement eine Plattenform hat 
und eine Kante mit der AnfeuchtflOssigkeit in dem Lagerbehalter in Kontakt gebracht wird und die andere Kante mit 
dem Bild-tragenden Element in Kontakt gebracht wird. 

5 33. FlOssigentwicklungsapparat nach Anspruch 20, worin zumindest die Oberflache des Entwickler-tragenden Ele- 
ments leitfahig ist. 

34. FlOssigentwicklungsapparat nach Anspruch 20, worin das Bild-tragende Element ein biegsamer Endlosriemen mit 
einer AuBenoberflache ist, auf der elektrostatische latente Bilder gebildet werden konnen, und welcher mindestens 

w eine Antriebswalze, die den Riemen in eine Richtung rotieren laBt, eine Walze, die das Entwickler-tragende Ele- 
ment, auf dessen Oberflache flOssiger Entwickier aufgebracht wird, im Einklang mit der Rotationsrichtung des Bild- 
tragenden Elements rotieren laBt, umfaBt und worin der Spalt zwischen den Oberflachen des Entwickler-tragenden 
Elements und des Bild-tragenden Elements dadurch beibehalten wird, daB man die Spannung des Riemens des 
Bild-tragenden Elements einstellt. 

15 

35. Flussigentwicklungsapparat nach Anspruch 20, worin das Bild-tragende Element eine Trommel mit einem licht- 
empfindlichen Material auf der Oberflache ist, und welcher eine Walze, die das Entwickler-tragende Element, auf 
dessen Oberflache flussiger Entwickier aufgebracht wird, im Einklang mit der Rotationsrichtung des Bild-tragenden 
Elements rotieren laBt, und ein Abstandhalter-Element, das einen Spalt zwischen der Oberflache des Bild-tragen- 

20 den Elements und der Oberflache des Entwickler-tragenden Elements beibehalt, umfaBt, und worin der Spalt gro- 
Ber ist als die Dicke des Films aus flOssigem Entwickier, jedoch kleiner als die Summe der Dicken des Films aus 
AnfeuchtflOssigkeit und des Films aus flOssigem Entwickier. 

36. FlOssigentwicklungsapparat nach Anspruch 35, worin das Abstandhalter-Element sich auf dem Rand beider Kan- 
25 ten entweder des Bild-tragenden Elements oder des Entwickler-tragenden Elements befindet und eine Erhebung 

aufweist, die hoher ist als die Dicke des Films aus flOssigem Entwickier, jedoch niedriger als die Summe der Dicken 
des Films aus AnfeuchtflOssigkeit und des Films aus flOssigem Entwickier. 

37. Flussigentwicklungsapparat nach Anspruch 36, worin die Hone der Erhebungen 5 bis 40 urn betragt. 

30 

38. FlOssigentwicklungsapparat nach Anspruch 36, worin die Erhebungen lange schmale Streifenelemente sind, die 
aus urn den Rand beider Kanten entweder des Bild-tragenden Elements oder des Entwickler-tragenden Elements 
herum gewickeltem Mylar oder Polyimid bestehen. 

35 39. Flussigentwicklungsapparat nach Anspruch 36, worin das Abstandhalter-Element eine Beschichtung aus einer 
Tetrafluorethylen-Verbindung in Form eines langen schmalen Streifens auf dem Rand beider Enden entweder des 
Bild-tragenden Elements oder des Entwickler-tragenden Elements ist. 

40. Flussigentwicklungsapparat nach Anspruch 20, welcher weiter ein auf einem Ubertragungselement befindliches 
40 Aufzeichnungsmedium beinhaltet, wodurch ein Ubertragungsmechanismus das Tonerbild auf das auf dem Uber- 
tragungselement befindliche Aufzeichnungsmedium Obertragt, worin das Ubertragungselement und/oder das Bild- 
tragende Element biegsam sind, und welcher weiter einen Mechanismus beinhaltet, der den Kontaktdruck des 
Bild-tragenden Elements und des Obertragungselements einstellt. 

45 41. FlOssigentwicklungsapparat nach Anspruch 20, worin der flOssige Entwickier den Toner und eine dielektrische 
FlOssigkeit umfaBt und die Viskositat der dietektrischen FlOssigkeit 0,5 bis 1000 mPa.s betragt, ihr elektrischer 
Widerstand 10 12 cm oder me hr betragt, ihre Oberflachenspannung 21 dyn/cm oder we niger betragt, und ihr Siede- 
punkt 100°C oder mehr betragt. 

so Revendi cations 

1. Proc6de de developpement d'une image 6lectrostatique latente formee a la surface d'un organe de support 
d'image, comprenant une 6tape de mise d'un agent liquide de developpement au contact de I'image electrostatique 
latente a la surface d'un organe de support d'image, et 
55 caracterise par 

la formation d'un film de mouillage prealable a la surface de I'organe de support d'image, 

la formation d'un film de 5 a 40 ujti d'agent liquide de developpement a la surface d'un organe de support 
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d'agent de developpement, et 

la mlse de I'organe de support d'agent de developpement pres de Porgane de support d'image afin que I'agent 
liquide de developpement soit au contact de I'image electrostatique latente, Tagent liquide de developpement 
ayant une viscosite comprise entre 100 et 10 000 mPa.s. 

5 

2. Precede selon la revendication 1 , dans lequel le liquide de mouillage prealable est un liquide dielectrique chimique- 
ment inerte qui a de bonnes propri6tes de separation. 

3. Precede selon la revendication 1 , dans lequel Tun au moins des organes de support d'image et de support d'agent 
w de developpement est form6 d'un Element souple. 

4. Precede selon la revendication 1, dans lequel un espace est dispose entre la surface de I'organe de support 
d'image et la surface de i'organe de support d'agent de developpement, la largeur de cet espace etant superieure 
a I'epaisseur du film de I' agent liquide de developpement mais inferieure a la somme des epaisseurs du film liquide 

15 de mouillage prealable et du film d'agent liquide de developpement. 

5. Precede selon la revendication 1 , dans lequel I'epaisseur du film de liquide de mouillage prealable est inferieure ou 
egale a 30 ujn. 

20 6. Precede selon la revendication 4, dans lequel la largeur dudit espace est comprise entre 5 et 60 um 

7. Precede selon la revendication 1 , dans lequel I'agent liquide de developpement comprend un d6veloppateur et un 
liquide dielectrique, et la viscosite du liquide dielectrique est comprise entre 0,5 et 1 000 mPa.s, sa resistance elec- 
trique est superieure ou egale a 1 0 12 Ocm, sa tension superficielle est inferieure ou egale a 21 dyn/cm et sa tem- 

25 perature d'ebullition est superieure ou egale a 100 °C. 

8. Precede selon la revendication 7, dans lequel le liquide dielectrique est un fluide de silicone. 

9. Precede selon la revendication 1 , dans lequel I'agent liquide de developpement contient des particules de develop- 
30 pateur ayant un diametre particulate moyen compris entre 0,1 et 5,0 u,m a une concentration comprise entre 5 et 

40 %. 

10. Precede selon la revendication 2, dans lequel la viscosite du liquide de mouillage prealable est comprise entre 0,5 
et 5,0 mPa.s, sa resistance electrique est superieure ou egale a 10 12 Ucm, sa tension superficielle est inferieure 

35 ou egale a 21 dyn/cm et sa temperature d'ebullition est comprise entre 1 00 et 250 °C. 

11. Precede selon la revendication 10, dans lequel le liquide de mouillage prealable est un fluide de silicone. 

12. Precede selon la revendication 4, dans lequel la tension de I'organe souple de support est ajustee afin que ledit 
40 espace soit maintenu entre les surfaces de I'organe de support d'image et I'organe de support d'agent de develop- 
pement. 

13. Precede selon la revendication 1 , dans lequel un element d'alimentation en liquide de mouillage prealable formS d' 
un element permeable au liquide et capable de retenir un liquide est impregne du liquide de mouillage prealable, 

45 et un film du liquide de mouillage prealable d'epaisseur indiquee est forme a la surface de I'organe de support 
d'image a I'aide de I'element d'alimentation en liquide de mouillage prealable mis au contact de I'organe de support 
d'image. 

14. Precede selon la revendication 13, dans lequel une partie de I'element d'alimentation en liquide de mouillage prea- 
50 lable est plongee dans le liquide de mouillage prealable et est impregnee de ce liquide de mouillage prealable. 

15. Precede selon la revendication 14, dans lequel I'element d'alimentation en liquide de mouillage prealable est forme 
d'une eponge poreuse continue qui a une structure de grille tridimensionnelle dans laquelle les pores presentent 
une continuity tridimensionnelle. 

55 

16. Precede selon la revendication 15, dans lequel I'element d'alimentation en liquide de mouillage prealable estformS 
a une configuration cylindrique elastique et forme le film de liquide de mouillage prealable a la surface de I'organe 
de support d'image en etant mis en rotation en fonction du sens de deplacement de I'organe de support d'image. 
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17. Procede selon la revendication 14, dans lequel I'element d'alimentation en liquide de mouiliage prealable est forme 
a la configuration d'une plaque et le liquide de mouiliage prealable s'ecoute d'un bord a I'autre, et le cdte est mis 
au contact de Porgane de support d'image. 

5 18. Precede selon la revendication 14, dans lequel I'element d'alimentation en liquide de mouiliage prealable est sous 
forme d'une plaque et le liquide de mouiliage prealable est transmis a un bord et I'autre bord est mis au contact de 
I'organe de support d'image. 

19. Procede selon la revendication 1, dans lequel un support d'enregistrement p!ac6 sur un organe de report met en 
10 oeuvre une operation de report de I'image de developpateur developp£e a partir de I'image electrostatique latente 
sur le support d'enregistrement, dans lequel I'un au moins des organes de report et de support d'image est souple, 
et dans lequel la tension est ajustee sur I'organe souple de support de maniere qu'une force convenable de contact 
soit maintenue entre les surfaces de I'organe de support d'image et de I'organe de report. 

is 20. Appareil de developpement par un liquide, du type dans lequel un agent liquide de developpement place a la sur- 
face d'un organe de support d'agent de developpement est utilise pour le developpement d'une image electrosta- 
tique latente formee a la surface d'un organe de support d'image, I'appareil comprenant 

un organe de support d'image qui a une surface sur laquelle peut Stre formed une image electrostatique 
20 latente et qui se d6place dans une direction, 

un organe de support d'agent de developpement qui porte I'agent liquide de developpement a sa surface et 
qui se dSplace en accord avec I'organe de support d'image, et 
un mecanisme d'alimentation en agent de developpement, 
caracterise en ce que 

25 le mecanisme d'alimentation en agent de developpement est destine a former un film de 5 a 40 u.m de I'agent 

liquide de developpement a la surface de i'organe de support d'agent de developpement, et 
un appareil de mouiliage prealable est destine a former un film d'un liquida de mouiliage prealable a la surface 
de I'organe de support d'mage, 

dans lequel I'agent liquida de developpement a une viscosite comprise entre 100 et 10 000 mPa.s, et I'agent 
30 liquide de developpement est transmis a la surface de I'image eiectrostatique latente par mise de I'organe de 

support d'agent de developpement a proximite de I'organe de support d'image. 

21. Appareil de developpement par un liquide selon la revendication 20, dans lequel le liquide de mouiliage prealable 
est un liquide dielectrique chimiquement inerte qui a de bonnes proprietes de separation. 

35 

22. Appareil de developpement par un liquide selon la revendication 20, dans lequel I'un au moins des organes de sup- 
port d'image et de support d'agent de developpement est form6 d'un element souple. 

23. Appareil de developpement par un liquide selon la revendication 20, dans lequel un espace est form6 entre la sur- 
40 face de I'organe de support d'image et la surface de I'organe de support d'agent de developpement, et cet espace 

est superieur a l'6paisseur du film d'agent liquide de developpement mais inferieur a la somme des epaisseurs du 
film de liquide de mouiliage prealable et du film d'agent liquide de developpement. 

24. Appareil de developpement par un liquide selon la revendication 20, dans lequel I'organe de support d'image est 
45 un tambour ayant une surface formee d'un materiau photosensible, en ce que I'organe de support d'agent de d6ve- 

loppement est une courroie continue souple ayant une surface ext6rieure qui peut transporter un agent liquide de 
developpement et a au moins un rouleau menant qui deplace la courroie en accord avec I'organe de support 
d'image, et I'espace compris entre les surfaces de I'organe de support d'agent de developpement et I'organe de 
support d'image est maintenu par ajustement de la tension de la courroie de I'organe de support d'agent de deve- 
50 loppement. 

25. Appareil de developpement par un liquide selon la revendication 24, dans lequel la courroie de I'organe de support 
d'agent de developpement est une courroie de nickel sans raccord. 

55 26. Appareil de developpement par un liquide selon la revendication 24, dans lequel la courroie de I'organe de support 
d'agent de developpement est une courroie sans raccord a laquelle de minuscules particules conductrices ont 6t6 
ajoutees. 



33 



EP 0 727 720 B1 



27. Appareil de developpement par un liquide selon la revendication 24, dans tequel la courroie de I'organe de support 
d'agent de developpement eut une courroie sans raccord d'un film de polyimide auquel a ete appllquee une ope- 
ration de mise a Petat conducteur. 

Appareil de developpement par un liquide selon la revendication 20, dans lequel le mecanisme de mouillage prea- 
mble possede un recipient qui contient le liquide de mouillage prealable et un element d'alimentation en liquide de 
mouillage prealable forme d'un materiau permeable au liquide et capable de retenir un liquide, I'element d'alimen- 
tation en liquide de mouillage prealable est impregne du liquide de mouillage prealable, et un film du liquide de 
mouillage prealable est forme a la surface de i'organe de support d'image par mise de I'element d'alimentation en 
liquide de mouillage prealable au contact de I'organe de support d'image. 

29. Appareil de developpement par un liquide selon la revendication 28, dans lequel le materiau est forme d'une 
eponge continue poreuse ayant une structure tridimensionnelle a mailles dans laquelle les pores sont continus tri- 
dimensionnellement. 

75 

30. Appareil de developpement par un liquide selon la revendication 28, dans lequel I'el6ment d'alimentation en liquide 
de mouillage prealable a une forme cylindrique elastique qui est en butee centre I'organe de support d'image et 
tourne en fonction du sens de defacement de I'organe de support d'image, et une partie de I'element d'alimenta- 
tion en liquide de mouillage prealable est plongee dans ie liquide de mouillage prealable du recipient et imprggnee 

20 de celui-ci, puis mise au contact de I'organe de support d'image afin que, pendant la rotation, le liquide de 
mouillage prealable qui impregne I'ei6ment d'alimentation en liquide de mouillage prealable soit applique a la sur- 
face de I'organe de support d'image. 

Appareil de developpement par un liquide selon la revendication 28, dans lequel ('element d'alimentation en liquide 
de mouillage prealable a la forme d'une plaque, et dans lequel un bord de Tenement d'alimentation en liquide de 
mouillage prealable est mis au contact du liquide de mouillage prealable dans le recipient de stockage, le liquide 
de mouillage prealable est collecte a I'autre bord, et un c6te est mis au contact de I'organe de support d'image afin 
que le liquide de mouillage prealable soit applique a la surface de I'organe de support d'image. 

30 32. Appareil de developpement par un liquide selon la revendication 28, dans lequel I'element d'alimentation en liquide 
de mouillage prealable a la forme d'une plaque, et un premier bord est mis au contact du liquide de mouillage prea- 
lable present dans le recipient de stockage et I'autre bord est mis au contact de I'organe de support d'image. 

33. Appareil de developpement par un liquide selon la revendication 20, dans lequel la surface au moins de i'organe 
35 de support d'agent de developpement est conductrice. 

34. Appareil de developpement par un liquide selon la revendication 20, dans lequel I'organe de support d'image est 
une courroie souple continue ayant une surface exterieure sur laquelle peuvent etre formees des images electros- 
tatiques latentes et ayant au moins un rouleau menant qui fait tourner la courroie dans un sens, un rouleau qui fait 

40 tourner I'organe de support d'agent de developpement a la surface duquel est applique I'agent liquide de develop- 
pement, en fonction du sens de rotation de I'organe de support d'image, et dans lequel I'espace compris entre les 
surfaces de I'organe de support d'agent de developpement et de I'organe de support d'image est maintenu par 
ajustement de la tension de ia courroie de I'organe de support d'image. 

45 35. Appareil de developpement par un liquide selon la revendication 20, dans lequel I'organe de support d'image est 
un tambour ayant un materiau photosensible a la surface, un rouleau fait tourner I'organe de support d'agent de 
developpement a la surface duquel est applique I'agent liquide de developpement, suivant le sens de rotation de 
I'organe de support d'image, et un element da maintien de I'espacement maintient un espace entre la surface de 
I'organe de support d'image et la surface de I'organe de support d'agent de developpement, et cet espace est 

so supeYieur a Tepaisseur du film d'agent liquide de developpement, mais inferieur a la somme des epaisseurs du film 
du liquide de mouillage prealable et du film de i'agent liquide de developpement. 

36. Appareil de developpement par un liquide selon la revendication 35, dans lequel I'element de maintien de I'espa- 
cement est place a la peripheric des deux bords de I'organe de support d'image ou de I'organe de support d'agent 
55 de developpement et a une protuberance de dimension superieure a I'epaisseur du film de I'agent liquide de deve- 
loppement, mais inferieure a la somme des epaisseurs du film de liquide de mouillage prealable et du film d'agent 
liquide de developpement. 
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37. Appareil de developpement par un liquide selon la revendication 36, caracterise en ce que la hauteur des protube- 
rances est comprise entre 5 et 40 urn 

38. Appareil de developpement par un liquide selon la revendication 36, dans iequel les protuberances sont de longs 
elements en forme de bande etroite constitues de "Mylar" ou de polyimide, enroules a la peripheric des deux bords 
de I'organe de support d'image ou de I'organe de support d'agent de developpement. 

39. Appareil de developpement par un (iquide selon la revendication 36, dans Iequel {'element de maintien de I'espa- 
cement est un revetement d'un compose de tetrafluorelhylene ayant la forme d'une longue bande etroite placee a 
la peripheric des deux extremites de I'organe de support d'image ou de I'organe de support d'agent de developpe- 
ment 

40. Appareil de developpement par un liquide selon la revendication 20, comprenant en outre un support d'enregistre- 
ment place sur un organe de report, et un mecanisme de report assure le report de I'image developpee au support 
d'enregistrement place sur I'organe de report, et I'un au moins des organes de report et de support d'image est 
souple, I'appareil comprenant en outre un mecanisme qui ajuste la pression de contact de I'organe de support 
d'image et de I'organe de report. 

41. Appareil de developpement par un liquide selon la revendication 20, dans Iequel I'agent liquide de developpement 
contient un developpateur et un liquide dielectrique, et la viscosite du liquide dielectrique est comprise entre 0,5 et 
1 000 mPa.s, sa resistance electrique est superieure ou egale a 10 12 *lcm, sa tension superficielle est inferieure 
ou egale a 21 dyn/cm, et sa temperature d'ebullition est superieure ou egale a 100 °C. 
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FIG. 25 
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FIG. 28B 
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